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"DEFLECTION OF PLYWOOD BEAMS DUE TO 


MOISTURE CONTENT CHANGE 


‘BYW. E. WILSON,” Assoc. M. ASCE AND LAURENCE G. OLSON 


_SyNopsis 
This study w vas | under ta iken to determine re sons s for the deformation of long 
-fioor panels of ply girder construction. Preliminary consideration 


‘vealed that the cause must be either temperature or moisture content changes. 

A theory was developed to show the relationship betwe een deflection an and change 

in temperature or moisture content for I- beams and T- beams. This develop-_ 

“ment required knowledge o of the r relationship between length and moisture con- - 

tent of plywoo ood panels. ere conducted to establish this 


tionship for plyw ood of various Side: to the validity of 


theory, experiments w were also ‘conducted to determine the deflection of be: ims 


as a function of moisture content. The results of these experiments indicate 
close agreement between theory and experiment limited, as may be expected, — .° 
by the variation from piece t to piece and from time to time of the physical 
characteristics of w 


AS a result of the analysis and experimental w ork it is concluded that, — 


because plyy Ww rood shows marked dimensional change with change i in moisture 


‘content, ‘its use in the construction of box girders ¢ or beams requires the 


of beams: girders must be made small enough to ins ‘insure that, should 
‘moisture content ch 


or g 

girder would not be 

i The analysis and experimental w wi ork indicate that iti is feasible to calculate 


In a advance the of the deflection to be puted in 


fora given change in moisture. content. It is 


es Note.—Written comments are invited for immediate ene to insure publication the last dis- 
cussion should be submitted by September 11,1949. 


Pres., State School of Mines and Technology, Rapid City, 
Asst. Research Engr., Sundstrand Machine Tool Co., Il. 
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‘PLYWOOD BEAMS 
Bonet work be conducted to make possible the complete determination of the 
physical characteristics of the plywood in so far as the relationship betw inal 


moisture content and dimensions is concerned. — - 


The construction experience which led to this study of the effect of moisture 
content t changes i in beams on the Gefiection of that type of member 


peareiewbers houses. en Panels of one type, which are e used i in walls, are 8 ft ang 
3 in. deep, and approximately 3 ft wide. ” These are glued by high frequency 
electric heating and contain nails for tacking purposes only. The second type 
of girder, which i is 61 in. deep, 3 ft wide, and 23 ft long, i is used f for both floor and © 
roof construction. and i is manufactured by gluing and nailing the oe to the 
webs. Experi ysis 
and experimental work. described herein. 
These box girders, consisting of 4-in. top skin, four by 54-in. web 
; ‘members, and }-in, bottom skin, had been constructed and were found to 


undergo a warping action sufficient to as much a as sa lin, to in, 


found i in n storage, ok after the purse were installed i in houses there occurred 
deflection changes that produced highly undesirable results including breaking 


of the asphalt tile which covered t them. 


had as its primary purpose the -determination of the 


To determine the ‘telationship between the in the e length of a 
piece of plywood and the change in its ‘moisture content; 
To determine the theoretical relationship between the deflection of a 
beam or girder and the moisture content | of its plywood flanges ; — : 
(8) To determine experimentally the relationship between deflection a 
‘beam o or girder r and tl the moisture content of its plywood | flanges ; 
(4) To compare theoretical results from the second study 
mental results from the third study, noting any discrepancies; __ 
(5) To determine limitations on the size of plywood bo: box c girders — ; 
by the effect of moisture content on the beams or girders; and Bi 
— (6) To determine if the c deforrnations due to moisture content change might 


be controlled or if the changes in moisture eee might be controlled. “ 


THEORY 


_ To maintain as great simplicity as possible in developing the theory of the 


T-beam and the I- beam, which consist of solid timber webs and plywood flanges, 
certain simplifying assumptions are made. Because of algebraic complications, 


the I-beam theory yields much more complex equations than does the T-beam 


following individual objectives: 
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theory. It was di deemed advisable, ‘therefore, further to simplify | the I- beam 
LJ men 8 As a result of this s situation, the T-beam theory is developed = 
more fully than is the I- beam theory, and the ‘experimental check o on the 


beam theory i is more complete. 


~ ‘Bottom Flange 


1.—T PEs oF PLywoop Beams INVESTIGATED 


Wig. I-beam differs the “beam in that it has both a ‘top an and a 


bottom flange (Fig. 1(b)). 
F a 2 Beama.— In developing the theory of the deformation of a T- beam due to” 


change i in moisture content the notation of of Fig. 2 is employed. The following \- 
assumptions a are made: 7 


4 
5 
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LONGITUDINAL DEFORMATION 


‘Fra. 2.—T-Beam DraGRAMs 


The | longitudinal | deformation of a piece of of plywe ood to moisture con- 


tent change is given by the e expression: © 


L= Lo ( VW 


‘inw hich L is the length of the plywood a at moisture content corresponding to m; 
Lyi is the length of the plywood at zero moisture content; m is the ntehans 
boo expressed as the ratio of the weight of moisture to the ove! n dry weight 


— 


ng, 

nd s of this paper a T-beam is considered to be a structural member ep: 
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of the plywood; and M is a dimensionless coefficient experimentally « determined 

. In bending, plane sections remain plai in _ 


; 3. The deflection of the beam is small pcre to its length; and 


4. The plywood and the lumber are elastic, obeying Hooke’s law. 
—C onsidering a beam which has been deform med, as shown in Fig. 2, beeause 0 


an increase in moisture content of the flange, the first assumption and t 
geometry y of the bent beam yield the ‘relationship: | 


in which bs represents ‘the total elongation of the unrestrained flange due to 
noisture content. The sec yields the equation: | 


in which ‘bi is s the shortening of the fl: ange due to » the compression induced by ' 


; the resisting action of the adjacent dry lumber; 63 is the elongation o of the. 
; extreme fibers of the web; and y, is defined in Fig. -2(6). The fourth assump-— 
tion yields the expressions: 


3, — 


be. 


in w hich is. the compressive | force i in 1 the flange ; is the compressive force 


“in the w veb; Fr is the tensile force in the w web; -and E is s the modulus of elasticity. 


and 


2 2 8, inclusive, are re sufficient. for the deter rmination of the 
tw een the seven dependent variables 61, 52, 53, y1, Fes, Feo, and Fr i in terms 
of the eight independent variables E, th, bs, t bs, d, m, M, and Lp. Boas 
— _ The geometry of the deflected beam (Fig. ig. 3) yields the: following ex expression 
te the Maximum ¢ deflection D in terms of the e elongation of the fibers and the 


length « of beam and the location of the neutral : axis: "4 
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Solution of Eqs. 2 to 9, inclusive, tie 


dit 


1 


—W hich i is s represented genghieliyt in Fiz. 4, where the left- hand side appears as 
the ordinate; and the Tatio as the abscissa. 


Values of 


Fie. DEFLECTION oF T-BEAMS 
a ” Beams. —The analysis of the mechanics of the defection . of I-beams is 


similar to that for T- beams and starts from the diagrammatic representation 
of a beam of this 1 type e (Fig. 5. The assumptions made in the analysis for 
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CROSS SECTION 


As a consequence o of in assumptions | made and the ec conditions of equilib- 

rium , Eqs. 2 and 3 | are re directly applicable to the I- beam, as are Eqs. 5 and 6. 


Values of 


Values of 2 
‘In addition, Eq. 4 is replaced by 


7 


man one simplifying point related no 
— pilying p ( anc 
| to the second assumption. It is assumed that plane sections between flanges far 
me | remain plane, but that the deformation of the flanges is constant throughout - 
the flange depth, which is small compared to the beam depth. 
| 
— “ 
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Solution of Eqs. 5, 6, and 14 in ‘conjunction with E 


Because of the umnieiite of the algebraic relationships it is ‘not f feasible. to 
obtain an exact expression for D which is wor kable. I In Fig. 6, Eq. 15 is illus- 


trated graphically to show the minimum value of D. — 


The experimental wo ¢ d of three part s—na amely 


‘Determination of ‘the r relationship | content the 


length of strips of plywood w which were approximately 3 in, 3 in. 1. wide, 8 ft long, a and 
of various thicknesses; 
2. Determination of the deflection of I-beams a as the moisture content 0 of on ‘ 
both flanges changed; and 
“— Determination of the deflection of T- beams as the moisture. content of. 


the flange ¢ changed. > 


‘The techniques employed in these programs a and the data” are pre-— 
‘sented herewith. 


ai 


Steel Support — 


Fra. 7.—Purwoop TEsTING APPARATUS 


Shrinkage with Change in | Moisture Content.— —The change i in the he length o of a 
piece of plywood caused by « changes i in moisture content was determined with | 
the equipment illustrated in Fig. Sa A strip ) of plyw ‘ood 3 in. wide and ‘approxi- : 
a mately 96 in. long was bolted to a steel channel as shown. Rollers were placed © 


under the plywood to insure freedom of movement. OA block was bolted to the | 


channel to serve as a measuring point, and a dial gage was mounted to sccgl 


this block a and a a steel ‘pin which hi had | _ driven into the plywood specimen. 
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and an equation is required to describe the compressive force in the lower Ses: 
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The plywood, wih had been oan by _ water for a period of dept 

_ several days, ‘was mounted in the j jig and a deterr mination of the moisture « con- from 
tent was 1 made with an electrical resistance type moisture meter. 7 At regular ‘oti 
periods, ‘measurements « of moisture content at from ten to twelve points i in the 7 


plywood specimen and of the shortening or the lengthening « of the | piece were #f the 


‘Three thicknesses 0 of plywood were used in the > study. 4 in., § in., and 3 in, , 
The e 1-in. and 3 3-in. thicknesses were of exterior grade; the was 


re resistant. data were taken on sizes since sizes 


mo 
we 


Note: Length at 12% Moisture : 


Content Assumed as Zero Point — 
for Length measurements 


a 


int 


n, in inches 


ongation, 


| + 


¢ 


- ‘The results of these m measurements § sre » show n gi raphically i in Fi ig. 8, in w hieh 


the length | of the plywood | specimen at 12% moisture content has been arbi- 
trarily selected as the zero point for the length measurements of the specimens. 
It was found that t the moisture content of solid timber or : plyw ood was rarely 
less than 6% or r greater than 25%. _ Oo 
Deflection of I-Beams and T-Beams.—The test beams in the beam de- 
: flection experiments ¥ were constructed as 5 follows : The I-beams had d dry (6% to 
38% moisture content) 1-in. by 6-in. solid. ‘timber w vebs, with flanges of ply 
4 in, 2 in., and 3 in. thick, in 12-in. widths. The plywood flanges — in 
moisture content, which covered two general ranges—the dry range (6% 


10% moisture content), and the wet 1 range (20% to » 25% moisture facade 
Six combinations of the dry webs and the wet and the dry flanges of differ ent 


used. These beams were cold glued and nailed at 6-in. 
throughout the entire 8- ft length of the beams. The T- ‘beams were 


constructed i in a manner similar to that used for the I- beams, except that the 
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PLYWOOD ‘BEAMS 


depth of the web varied hen in. to 6 — the width of the flanges varied - 

from 3 in. to 12 in. _ Nine ‘combinations of of the webs and the flanges were used ; 

in the T-beam construction. 


ae _ The deflection of the I-beams from their original shape was d determined Ww ith 
- the apparatus illustrated in Fig. 9% the distance from the surface of the one 


Block "Dial Gage Block 


Fr 1a. 9. —Beaw 


channel to the bottom of the beam being measured at 12- -in. intervals along 


the length of the e beam. The shape « of the steel channel surface was determined 
by the dial gage and the surface of a body of water at rest. The curve of the 
bottom of the I-beam or the T-beam was determined by coleulating ¢ the distance — 


a> 


Deflection, in Inches 


"Distance Left | End of Beam, ‘in Feet 


from 1 the bottom of ‘the beam toa plane surface by reference to ) the measured | 


distances to ‘the steel channel surface. - 


oA typical series of is i in Fig. 10. 


‘maximum deflection D, scaled from curves as these, is shown 
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test the of which. are given in | Table ‘Le will 


15 10 15 #2 sa 


- Maximum Deflection, D, in 0.01 In. 


Content, in 


11. —MaxIMuM or Test Beams Various RE Conr TENT Co ONDITIONS 
(Solid. Lines, “Experimental”; Broken Lines, “Theoretical” ) 


be noted that all beams were 8 ft long, a convenient length, since plywood is | 
‘readily available i inthislength, 


The variation of moisfire content of both I- T- flanges was 


HES® 


(1) 


«All were 96 in. long. 


A 


test: flange where the moisture varies. The mo moisture content of the 
7 beams decreased at such a rate that successful. measurements on the specimens : 


‘easi 
| ‘et 
in 
i 
— pre 
‘TABLE 1.—Drwensions or Test Beams, in L 
— | » |» | | 
{ 
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asily could be obtained by mak 


024hours. 


ANALY ‘SIS OF 


‘To compare experimental results ‘it was neces- 


slope of curve showing deflection as function of fange moisture content 
should be a constant for any give en beam, being a function of f, /d, b 2/b1, M, 


Besides its dimensions, the value of the coefficient M is the only phy sical 


‘characteristic of the plyw ood th iat enters into consideration. — The value of M 
is the slope of the curve shown in Fig. 8 multiplied by the length of the speci- 

men, or the ratio of the elongation per unit change in moisture content to speci-_ 
men length. | Since the curve is not a single straight line » Mi is nota constant. 

How ever, in the r range ge above a moisture content of 12% a straight line fits the 

experimental points reasonably w ell. The value of M corresponding to the 
solid straight line shown in this region is 2. 25. ee 


Using this value of M and the physical dimensions 0 of the beams, the theo- 
retical deflection D has been computed from Eqs. 10 and 15. The data shown 
in Fig. 11(a) represent I-beams whose deflection was due to moisture changes in 


one flange only. Although it was: tr rue that the moisture content of the other 


flanges varied a small pre the variation was so small that it ‘might be 
neglected. The measured and calculated values are compared in Fig. 11(b). 
One set of points represents the calculated deflection with the full thickness of 


‘the plywo 00d flange as the dimension f,; the other set uses the effective e thickness” 
_ for the value of t—the effective thickness being the total thickness of the veneer, 
‘the grain of which is parallel to the longitudinal axis of the beam. - a 


sit will be noted that the experimental p points sare located close to the theo- 

7 retical line, v whereas strict agreement between theory and experiment ; would r re 

quire that the two lines coincide. It is possible that the explanation lies in ; a 

value of M different from. that determined from the experimental results shown 


With the exception of the points representing specimen No. 1, close agree- 


-Inent between theory and experiment is indicated. In most cases the greater 
value 0 of the.measured deflection n might well indicate a smaller er value of M for } 
the plywood used in the beams as compared with that used in { the seemed 


exper iments. 


On the basis of the experimental and analytical —_y previously de deseribec od, 


following ec conclusions appear to be justified: 


1 Although plywood in general shows dimensional stability, the e elongation 
and the shrinkage which accompany moisture content change are sufficient ~— 


magnitude to cause significant « deflections i in both I-beams ecesieieene 
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2. = The effect of moisture change can be minimized by ithe short, deep 


beams rather than long, shallow ones. ; » 


2 Control to prevent changes in 1 the moisture content of the flanges of a 


beam does not appear to be feasible. 


he: Design of girders and beams of plywood b box girder type must take ir nto 


= 


consideration the maximum probable change i in moisture content of the: ply- — 


wood and the permissible deflection of the beams. 
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‘MODERN CONCEPTS “APPLIED. 
CONCRETE AGGREGATE 


ByR. BLANKS," M. ASCE 


4 


Ager influence the durability of coner rete ‘through numerous 


abundance of ‘the bonding characteristic cs, s, and he alkali reac- 


tivity. In some instances, otl 


associated with | water eee may caus ftoune or a retual deterioration 
of concrete. 


“Testing methods, 9 as s currently app applied, , yield ‘statistical but 1 not _ specific cor- 


qualities on which acceptance or rejection of individual ; age sregates should de- 
: ‘pend. _ The t three most import tant properties are not determined even qualita- 


tively. The of Reclamation (USBR) requires petrogr raphic examina- 


tion of all aggregates 1 be used in constr uction on its pr ojecta, particularly to. 
detect potential alkali reactivity or the nee ed for ‘supplementary testing 
materials of marginal quality. 


relations with serviceability of : agg sregates; they do no not reveal the fundamental | 


_ There i is gr reat need for research to develop new testing techniques, so so that 
reorientation of acceptance specifications | can consummated. Research on. 


the problem of alkali reactivity, by. USBR, has. developed a test to. 


detect potential reactivity of aggregates; and the mechanism of this type of 
qT 


deterioration has been pr oved. ‘Studies of capillary phenomena i in rocks and 


concrete have revealed a diagnostic relation between pore characteristics and— 


freezing and thawing durability. . Other properties of “aggregates, particularly 


bonding characterlatios and volume change with w etting ‘drying, ‘should 
be e investigated fully. 7 


Improvemen 


> 


ts in testing of —_ ates must accompany imp provem ents in 
the quality of cement, and in the 


‘the concrete. 7 Only in this way will full potentialities « of concrete be realized. 


Reet Nors.—Wnitten comments are invited for immediate publication; to insure publication the last dis- 
should be submitted by September 1, 1949. 
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4420 AGGRE( 
The serviceability of concrete depends on many ‘factors, among which are — 
“the quality of the aggregate and cement. and the methods of fabrication, place- p 
‘ment, , and ¢ curing. WwW ith respect to durability, present standard tests fail to. 
evaluate: the quality o of aggregate properly. . Inadequacy of currently applied 
methods of ‘selecting materials is demonstrated _by repeated cases of poor 
service of concrete resulting from some “characteristic of the aggregate; also, 
although less cc commonly, ‘sound aggregates are rejected as a result of accepted 
tests, thus entailing 1 unnecessary expense for additional ‘exploration | or the use 
The primary difficulty with present aggt agg regate testing lies i in the concepts 
that strong and | durable rocks necessarily contribute to the strength and the 
“durability of of concrete, and that weak rocks contribute directly to unsoundness _ 
# concrete. — Standard tests are designed to determine the quality of aggregate ( 
not as a component of concrete—whereas experience shows that good 
rocks do a always produce superior concrete, and weak rocks do not always 


as components of concrete. "Dating be designed ‘that will 
| - determine adequately the effect of an aggregate on the properties of concrete, 
‘if is is to be produced consistently. 


— FFECT OF Rock PROPERTIES ON 


The properties of aggregates include (a) those of the indie particles, 
and d (6) those characterizing the | entire assemblage. _ The he la latter comprise grada- 
tion, moisture content, and bulk weight. 7 They are easily - determined and 
interpreted and will not be considered here. The properties of aggregates: 


related to the individual particles, their significance, and methods of measuring 


them will be discussed. particles fet ality of eo 


“Conse 

“quently, chemical and shysival properties of aggregate on 

petrographic characteristics. However, rocks | of a a. given type do not always 

* _ possess the same properties, for their properties | can be changed by Ww weathering 
or solution by y rain or ground ¥ water, or by fr acturing and jointing | related to the — 
geologic history of the region. — ‘Thus, basalts can be hard or soft; and rhyolites 
= be deleteriously reactive w ith high- alkali cements, or they may be innocuous 
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processes. Ihereiore, the quality ol aggregates must be evaluated by measure- t 
of certain chemical and physical properties which are significant 


CONCRETE AGGREGATE 
"Sie, Abundance, and Continuity of Pores.—The voids or or spaces within solid 
materials exist in ‘several forms. _ They may be isolated more or less by inter- 


- yening impermeable material as, for example, gas bubbles (vesicles) in glassy 
lavas like obsidian. . They may be ramifying passageways, or approximately 
“plane fissures, or fractures. The voids in rocks may be empty or partly o or com- 
pletely filled with chemically precipita ted such as quartz, or r insoluble 

‘The: size, . liane, oni and « continuity of the voids influence the physical and 

‘chemical ‘stability of the rock; they are t the most important physical ep 
of aggregate particles. ~ ‘These characteristics of pores affect the strength of 
any material; they control water absorption and permeability; and they el 


mine the quality of bond with cement. _ Consequently, they control durability 
under freezing and thawing conditions and strongly influence the rate of 


chemical alteration. 

‘The durability of solid during freesing and thawing i is 
by the freedom with which they are permeated by water. Obviously, materials 
which are impermeable are not disrupted by freezing. — However, highly porous, 

. absorptive rocks likewise will not be disrupted if freezing is progressive and 
proceeds slowly enough to permit escape of water in excess of that necessary | to 

fill the void s spaces. Susceptible to breakdown with freezing and thawing are 
rocks having those intermediate degrees of permeability which allow water to 
enter the material but not to drain freely. _ Evidence in the literature e (1)? and 

experimentation by the USBR indicate that, ‘under natural conditions of frees- 
‘ing, voids less than 0.005 mm in diameter, and particularly those less than 0.004 
mm in diameter, will drain effectively only at mpenentetien pressures that exceed that eee 
* tensile strengths of some rocks and concrete. 


voids i in aggregate particles and « of those in the cement 
Unless the concrete remains under hydrostatic head, the water content of the 
aggregate will be controlled by this relative pore size. _ Large voids in the 
“aggregate will be drained of water, , even if initially filled, through progressive 
Withdrawal by capillarity into the hydrating cement paste. - Conversely, voids 
in the aggregate smaller than those in the cement paste will remain filled or 


; will tend to become filled by extraction of water from the capillaries « of the 
paste. the relative size of pores in the paste 


cause th the part ticles will be m more to breakdown than 
unsaturated ones. Furthermore, large voids in unsaturated aggregates will 
accommodate the water migrating through the concrete during progressive 
freezing, 1 whereas voids filled with water or voids of very small size or limited 
continuity. might block the penetrable — through which water i is s ad- 
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The relation of of voids to bond of the 
aggregate particle with cement will be discussed subsequently. = i 
Bonding Character —The tenacity of the bond between aggregate and pe 
“ment paste is extremely important to the quality of concrete. The properties 
of this bond depend on surface texture and chemical 
“aggregate “obviously reduce strength of reactions that form m new 
7 - compounds of considerable strength and elasticity 1 may weld the ‘aggregate to 


cement. of t former _type are exemplified particularly by the 


exist, reactions of latter pi have not been identified. 
| 
Ford ‘aggregate - slump. 
Grand Coulee aggregate-4" slump. 
CONSTANT WATER-CEMENT RATIO 


Note : Each point an average : 
_of three grovel t to send ratios. 


TERIAL IN GRAVEL 


Two vo aspects of surface t texture exert an ‘influence on bond—the s “surface 
. roughness and the p pore characteristics of the zone under lying g the surface of the 
“particle. Salients and depressions on the particles, particular ly when the sides. 
of these roughnesses ar are almost perpendicular to the general surface, assist the 
adherence o of the paste to the aggregate. — Undulatory roughness i is less helpful 
andi may | even be harmful to bond as the mortar changes in volume. ¥ Rugosity 


ig probably less significant than physical of cement into the 


aggregate. 


Particle Shape.—F lat or elongated particles in aggregate tend to decrease 
workability and thus to require the use of more sand, « cement, and water (3). : 
Moreover, they tend to reduce bulk w eight and decrease compressive e strength. 


During Placement of the conerete, i if flat become oriented with 
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adequate w vorkability and may increase ‘cement ‘and water 

content (Figs. 1 and 2) if a constant water-cement ratio is to be maintained. 
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Thermal Bxpansivity—Th —Thermal expansivity of aggregates affect concrete 


in two ways: 


. Through the influence of the average coefficient expansion on the 


_expansivity of the concrete asa whole;and 


2. Through the action of individual particles whose coefficients differ w idely 


‘from the coefficient of the cement paste. a 


| — Rarely can the effect of the expansivity of individual components s of the 


Aggregate on the concrete be measured. Failure of concrete has been attributed 


to thermal of aggregate (4); but, in the effects of 


the 

f Sand | 

and | 

aes 
the 
vith 
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cantly, other deteriorative actions. 
that failure” of concrete from a combination of processes 
which, acting individually in comparable degree, would be ineffectual ap ] 
_ Aggregate particles with unusually low expansivities are more objectionable 
than are those with ‘unusually high  expansivities, since few rocks and minerals 
. possess higher coefficients than hydrated Portland cement. ~ Most destructive 
to concrete are the tensile strains produced i in the mortar when the temperature 


is declining ng, possibly being accompanied by y development of tensile fractures i in 
the cement paste. 
‘The e surprisingly rapid deterioration : associated with the 1 use of the | B0-¢ called 
“sand-gravel” aggregate from the Republican: River in Kansas (5) : appears to 
result a combination of several characteristics of the : aggregate. The 
ager egates are only slightly or moder: ately : reactive with high- alkali cements, 
but they contain high proportions of individual crystals of orthoclase and micro- 
_ cline feldspars whose coefficient of thermal expansion is very low (0.0 X 107 | 
to 0.6 X 10-* per degree Fahret nheit) -(6)(7 ) in one crystallographic. direction. 
-'These minerals constitute high proportions of the coarse sand, ranging from 
84% to 45% of the No. - 4 to No. 8 fraction i in the samples studied (Table 1). 


pansivity are masked because they augment, significantly or or insignifi 


"TABLE 1. —Prrrocrapuic ANALYSIS OF SAND, Repusuican Riv ER 
CLoup County, Kansas (PERCENTAGES BY Wr iT, 


—— 


| Orthoclase and micro 
Granites 

| Quartz 

Basic voleanic rocks.................... 
Siliceous limestones. . 

Chalcedony 


> 


| 


| 
| 
| 


In such proportion, the great difference in thermal coefticients of particle sand 
cement will will create considerable stress in the cement paste with « decline in- 
- Among common 1 rocks, the thermal coefficient of expansion ranges from. 
about ( 0. 5 X 10-* to 9.0 10 per degree F ahrenheit (8). Rocks that 
‘monly | possess ‘exceptionally. low coefficients (1.0 X or less) include granite, 
limestone, and marble. The thermal coefficient of hydrated neat Portland 
cement usually i is between 5 5.9 X 10-and 9.0 per: degree Fahr enheit (8). 7 
The freezing and thawing durability of concrete is not recognizably y affected by 
moderate variations in expansivity | of the aggregates in the presence of 01 other 
influencing factors (Table 2). 
-roperties Affecting Volume Change.— —Two sets of physical properties 
versely influence volume change of concrete during wetting and drying—those 
which increase and i those which increase or or | shrinkage. 
Concrete may be distressed by local | expansions caused by excessive expansion 
of aggregate particles as they become wet; with drying, these same particles 
will contribute to excessive shrinkage. i. In addition, particles that are especially 
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drying shrinkage of the ‘cement paste (9). 


Clay minerals of the montmorillonite type (bentonitic) expand and | contract 


compressible i increase drying shrinkage, because they fail to restrain the normal — 


significantly with wetting and drying. The expansion is accompanied by po-- 
tential pressures s which occasionally are several pounds per 
inch (10). 

was found { to contain ‘about 30% of interstitial clay (the sluanal nontronite). 
TABLE 2.—EFFECTS OF THE THERMAL EXPANSIVITY OF AGGREGATE 
DURABILITY OF CONCRETE. Be Maskep sy OTHER Factors» 


Ores 
Ty pe of Thermal coefficient THE | 
(crushed) in the of the aggregate, 


byw eight expansion 
_(Diorite No.1 
Quartz diorite 
Limestone A 


q Diorite No. 2 
Limestone B 


{Limestone Cc 
{ Graywacke 
(Dolomite 


oF 


Limestone 

Gray — 
(Dolomite 
Quartz 


a According to the relation a= AT x= LT’ in which L is the length of the rock specimen, AL is the change 


in length, and AT is the: change i in thermometer temperature, expressed in degrees Fahrenheit. The “_. : 
pectable coefficient of expansion for hydrated, neat Portland cement ranges’from 5.9 X 1076 to 9.0 X 10-6 


Tests indicated that ‘ti rock expanded and contracted 0. 06% linearly w with 

"wetting and drying, and after repeated cycles an increment of length remained. a 

Concrete beams containing the dolerite as aggregate lost more than 68% of 

their original dynamic modulus of elasticity in twenty cycles of freezing and 

‘thawing. Some limestones, although sound according to standard tests, | con-— 

Seo to deterioration of concrete Ww vhen their interstitial ¢ clay swells as it 


~—_ Ww water from the. concrete, Some sandstones expand as much a as 0.08% 


"Strength ‘and Elasticity. —Most rocks p possess strengths and lasts 
siderably, greater than those of concrete. The 1 range in crushing strength of 
-Tocks generally acceptable as concrete aggregate is from 10,500 lb per sq in. | 
to 28,700 Ib p per sq in. (6); yet in individual cases, these rocks are incapable « of - 


produéing concrete with adequate strength and durability. 
Conversely, weakness of rocks may not be reflected proportionately in the 
strength of the concrete. For example, a very soft, porous, pumice that could 
be easily crushed in the fingers and which included numerous particles that were 
80 porous as to float on water possessed a “structural strength” in » mortar 


equivalent to approximately 78% that of the sand used in n construction of Grand a 
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CONCRETE 
Coulee Dam in W ashington, one of the best aggregates tested in the USBR 
laboratories. After 28 days, the average compressive ‘Strength of standard 
2-in. by ‘4-in. mor ortar -eylinders containing fine pumice was 8, 680 lb pe per in.— 
equal to that obtained on mortars containing some natural sands. ae a 
Other Properties. —Specifie gravity of agg vregates has a marked on the 
unit weight of concrete and for that reason specific gravity of aggregates s some- 
times is of importance 1 in the design of gravity structures or of structural mem- 
bers that should be unusually low in w eight. _ The specific gravity of aggregates 
must be known for purposes of mix design, but the estimation of the soundness 
of aggregates from specific gr avity is a tenuous extrapolation. Ati ist that 
‘apparent specific gravity will decrease as porosity increases, but p porosity can. 
be determined from this measurement only if the absolute ‘specific gravity is 
known also. , ° Even if the absolute and ‘apparent specific gravities are known, 
only porosity, but not the size, number, or continuity of pores, will be calculable. 
- ‘Experience indicates that tests of specific rock types or aggregates of similar 
lithology will yield a a correlation between ‘specific gravity and durability; but 


the same correlation cannot be carried over to aggregates of other ’ lithology. 
Pp articles with very low “specific gravity commonly move to the: surface and thus 
cause | iced abras 
‘cause poor finish and reduced abrasion resistance. 
= Specific hes heat and heat t conductivity of aggreg ates es strongly | affect the rate of 
‘ter nperature change in concrete and the rate at which heat is transmitted 


through concrete | (12). These factors are important in the preparation of. 
design and specifications | for massive structures, but are. of limited significance 
G for small structural members. > the extent that the temperature ‘of concrete 
: ‘is changed mor e rapidly or or by a a greater amount, th then the thermal expansivities: 
the aggregates exert a stronger influence on the concrete. 
The properties of aggregates | are changed by the presence of coating 
- terials. _ These materials commonly change adversely the physical or chemical 
"properties of the aggregate, but the change i is caused by the same properties 
that affect quality of aggregate particles as a whole. 7 In the experience of the 
a (Colo.) . laboratories of the USBR, coatings are ‘composed of silt, clay, 
gypsum, impure » carbonates of lime and magnesia, iron oxides, a oe 
“ganiferous substances, soluble phosphates, or mixtures of these substances. oo 
= Chemical Properties of ‘Aggregates. —The traditional view regarded aggre- 
a gates a as inert fillers which rer: contributed weight ce bulk to the con- 


“Any type of chemical reactivity will cause a series of complex dee 


substances that are soluble i in the aqueous” 


al Fi irst, the aggregates 1 may contain 
‘solution ‘permeating the concrete. Leaching « of these : substances will increase 


rosity. of the concrete and decrease its strength. The dissolved substances 


»? Second, soluble substances or products of decomposition of aggregate par- 
ticles may eed normal hydration of the cement. Thus, organic substances 
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may r react with solutions in the concrete, and c consequently cau: cause scieameeadl 
of abnormal hydration products. ‘Strength and durability are reduced by such 
_ changes, an and failure of the concrete can result. 0 xidation of 5 pyrite or mar casite 
_(FeS2) in aggregate causes local disintegration, pop outs, and staining of con- 
crete; this action is related to produetion of ‘sulfuric acid (H:S0,), which de- 


may occupy greater volume than the original cr ystals of the sulfide). Sul Sulfates 
may decompose slowly y and dissolve ¢ after incorporation i in the concrete, causing | 

_ Progressive expansion of the concrete, through the formation of calcium sulfo- 
_ aluminate by reaction with hydrated aluminates. of the cement (Fig. 3) aa 


= 


TABLE 3. EXPANSION oF Morrars- ConrAINING ZEOLITES 
or Zeouric Rock witn Hicu- ALKALI OR Low-ALKALI Che 


- 


-Replace- CEMENT 2742: 0. 129, K:0 AND 1 30% 2735; 0. 1 4% K.0. AND 0.04% Na,O 


crushed 

(%) 1 month | 3 wamie 6 months E 1 year 1 month 3 months * months 1 year ar 


0.004 0.015 | 0.017 0.002 | 001 —0.002 0.007 
0.003 | 0.014 | 0.015 : —0.005 0. 003 | 0.006 
0.002 0.014 0. 031 ~—0.004 000 —0.002 | (0.005 
0.001 0.010 | 0.013 | 0.028 —0.001 —0.003 0.009 
0. 002 | 0.007 { 0.008 | 0.022 | —0.006 001 — 003 
0.000: 0. —0.003 0.017 —0.004 | 0. 0.000 | —0.002 0.010 


0.006 0.014 | 0.020 0.028 0.001 003 | 0.003 
10 =| 0.007 | 0014 | 0.019 0.026 | —0.003 | 0.001 | 0.002 
0 0.006 | 0.016 | 0.016 | 0019 | —0.001 | 0.002 | 0.003 
50 | 0.005 | 0.013 | 0.013 | 0.017, 

| 001 | 0.005 | 0.006 | 0.009 
0. 0.003 | 0.004 | 0.008 | 0.007 | 0.002 


EATHERED ANORTHOSITE; SOLEDAD CANYON, CALIFORNIA 


0.007 0.009 | 0.015 


0.027 0.003 | 0.007, 
10 0.006 0.007 | 0.013 0.029 0.002 | —0.005 | —0.006 
20 q 0.003 | —0.002 | -—0.001 | 0.009 —0.003 | —0.007 0.011 
0.013 | -0.014 | -0.006 | —0.004 | —0.011 | —0.014 
73 -0.013 | 0.019 | -0.023 | —0.015 | —0.006 —0.013 | —0.017 
100° 0.020 028 | —0.030 | -0.026 | —0.007 -0.015 | —0.020 
Bars, lin. by lin. by 10 in., with indicated quartz in all size Con- 0! 
; _erete mix, 1:2, cured 7 days in fog room at 70° F; then stored at 100° F in sealed cans, in the presenceof Be 
| excess: Water. — graded 20% by \ weight each of sizes Nos. 8, 16, 30, 50, and 100, no pan. | oO s 
— 
il 
Third, certain rocks and minerals are attacked by durin 
“hydration of high-al alkali cements Physical- chemical _phenomen 
i ‘initiated by. the reactions lead to expansion, cracking, and decreased elasticity - a 
and strength of the concrete. These phenomena will be discussed in detail — 


oo ‘a Fourth, concrete e may be affected by base-exchange phenomena involving 
components of the aggregate and the caustic solution within the cement paste. . 

This procéss u usually involves exchange of alkalies in the aggregate for t the 
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sini contained i in the solution. The released. alkalies attack aggregate par- 
ticles. susceptible to cement-aggregate reaction, or they may form deposits 
wherever the water is evaporated from the concrete. A somewhat altered 
‘wher 

granitic rock (granodiorite) used as ag ggregate in construction of a thin dam in 
southern California apparently has participated in base-exchange Teactions of 
this kind, because efflorescent deposits. of impure alkali carbonates occur on the 
downstream face of the structure and scaling of the concrete has taken place. 
zeolite similar to laumontite (or leonhardite) (Ca, Nay) 4H,0, 

occurring in the rock called anorthosite is associated with failure of cast stone 
and stucco in southern California. G. F. Loughlin (16) attributed the failure 
to volume e change | of the zeolite with change i in water content. It is possible, 
however, that base- -exchange reactions contributed the deterioration. 
Chemical studies of the zeolite containing anorthosite indicate that the rock 


significant proportion of. bases 4% by weight), mainly 


‘Although zeolites 1 may contribute to wn through base 
exchange, they do not cause significant expansion of moist-stored mortars when * 
_ present ¢ alone or mixed with nondeleterious aggregate material (Table 3). In 
theory at least, , zeolites with exchangeable sodium | or potassium could oom 
tribute to alkali-aggregate reaction 2 in concrete or mortar containing r reactive 
aggregate by release of the alkalies upon adsorption of ealeium released by 
| hydration ‘of the cement. However, contractions as great as 0.030% were © 
‘measured after 6 months on the’ bars containing the weathered anorthosite (with 


included laumontite) possessing significant base-exchange capacity. 


‘Tests oF CONCRETE AGGREGATE FOR on QUALITY 


For many years, engineering laboratories have applied a series of standard- 
‘ined tests to determine the quality of aggregates proposed for use in construc- 
tion. The tests” usually applied include the determination of: Specific 

- gravity and absorption; (b) soundness, usually with sodium or magnesium sul- 
fate; (c) abrasion resistance; (d) organic impurities in sand; (e) quantities of 
eoal or lignite, clay lumps, and shale; ; and (f) properties of standard mortars — 
: to find the structural strength of fine aggregate. Naar 

_ The results of these tests correlate statistically with the service 0 of concrete 

containing the aggregates, but cannot be depended on to diagnose the quality 
of: a particular aggregate. For this reason, engineers have come to rely on tests 
a and examination of concrete wherever possible. - If an aggregate has been used. 1 
i in construction, service histories will be available; or, if laboratory facilities are 
at hand, the aggregates may be incorporated in concrete or mortar specimens. 
—* histories of concrete containing the proposed aggregate and subject to 

conditions similar to those anticipated at the project under investigation are 
diagnostic. . On the other, hand, service histories can be dangerously 
- leading if data regarding the cement, mix design, or placement and curing 
— are incomplete, or if the ‘conditions of s service are not similar. 
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designed to simulate anticipated conditions on the job. : ‘Influence of the aggre- 
gate on durability, strength, elasticity, per meability, -expansivity, thermal: 
properties, drying shrinkage, or bulk weight can be determined i in the labora-— 
tory. Howe ever, the time n necessary - for adequate tests of concrete frequently : 
precludes application of such methods to studies of concrete aggregate. “During 
a 6-month period in 1946, the ‘USBR laboratories in Denver were called on to 
test more than 200 different concrete aggregates. — Neither personnel r nor facili- 2 vin t 
ties al are avails able i in any | laboratory for tests s of conerete « on a comparable scale, “tion 
Consequently, for most purposes, the concrete engineer 1 must select aggregate 
by” methods other than th those which involve testing of concrete. ne : 
The standard tests usually applied to unconfined aggregates do not m measure 
diree tly the properties of aggregates that affect the quality of concrete. — - Prop- 
erties as fundamental as size, continuity, : and abundance of pores; bonding © 
characteristics; and thermal expansivity are not measured even qué alitatively. 
4 Specific Gravity and _ Absorption Determinations.—Specific and 
sorption commonly correlate with freezing and thawing durability if litho- 
logically similar materials are . tested, but no fundamental relation to durability 
ean be adduced. Pumice commonly used as lightweight aggregate might have 
a bulk specific gravity ( American Society for Testing M: aterials (ASTM) 
"designation: E12) of 1.0 and a 24-hour absorption of 24%, and yet produce | a 
4 concrete W w hich 1 is sound i in freezing and thawing. _ Determinations of specific 
4g gravity : and absorption by standard methods (ASTM. -designa ations: (C127-42 
and C128-42) do not distinguish those aggregates whose specific gravity is low” 
and whose : absor ption i is high because of the presence of a a few unsound particles, _ 
from those which contain an abundance of particles whose s spec ifie g gr gravity i is “4 
4 ‘slightly | low and absor ption but slightly high. For this reason, absorption and 
4 _ specific ; gi ravity ty of lithologically complex aggregates cannot be related quantita- 
tively to soundness. Statistical correlations indicate that | rigorous application | 
ofs specified li limits for specific gravity and ¢ absorption d does not assure elimination 
of ‘unsound a ager egates and ‘may cause r rejection of some satisfactory aggr egates. 
Accelerated Soundness Tests.—Accelerated soundness tests involving use of 
sodium or magnesium sulfate (ASTM design: ition: C88- -41T) are commonly 


used to estimate susceptibility of the aggregate to” breakdown. ‘ale freezing 


q and thawing conditions because the sulfate soundness tests are more rapid 
involve less equipment ‘than do actual freezing and thawing of aggregates. — 
_ Breakdown is believed to result from hydration and consequent expansion of | 


crystals of Na2SO, or MgSO,- following reimmersion of the samples after 


_ the drying pe period (17). This een 3 is certainly | different from the proc- 
esges by which freezing and thawing of water cause breakdown Consequently, 
the results of the sulfate soundness tests do not parallel the results of freezing 7 
thawing soundness tests. . Moreover, a as pointed o out previously, the dura- 
_ bility of aggregate does s not always correlate with the durability of concrete. 
In addition to these fundamental deficiencies of the test, extraneous variations 
q may vitiate results. Inconsistencies in the sulfate soundness tests arise from: 
—@) Differences i in the ty pes of containers used; (6) differences i in techniques of 
drainage following the immersion period; | temperature control; 
— @ variations ir in length of the drying period; (e) differences in techniques of 
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screening the samples; and (f) a in n grades of salt ont concentration 
- of the solutions used in the test. Frequently, aggregates that fail the test prove 
to be satisfactory, a and those that pass actually 1 might contribute to the break- | 


f du fre tl 
of concrete uring reezing and thawing. 


q _ Abrasion Test. —The Los . Angeles abrasion machine (ASTM desiantion: | 


“los 


“Angeles ‘abrasion test ‘The Angeles abrasion test | yields 
of value on the degree to w hich ag ggregates containing inordinate quantities of 
soft particles can be processed effectively. — Specifically, aggregates that lose” 

‘Op- excessively in the first one hundred revolutions, but that lose less than 40% 
ling in five hundred cycles, commonly | can be made ‘suitable for rT use by scrubbing 


Breakdown of the sample i is produced mainly by impact of the cast- -iron or 
’ sted spheres (19), and hence is not predominantly an abrasion loss. The test 
reveals the presence of soft, friable, or exceptionally brittle particles; but limited 


loss in the test does not assure high quality | of the aggregate. A crushed, milky 
quartz used as a control ag shows only 33. wear in n the five | hundred 


Test of Organic Impurities in Sand. —Organic materials in aggregates a are 
partly dissolved by the solution of sodium hydroxide used in the standard test 


1 for organic impurities in n sand (ASTM designation: C40-33). "However, dark — 2 

nd “coloration of the solution merely indicates the need for further testing (particu- 

a- . | larly in mortar) | rather than the rejection of the aggregate. _ Some organic su sub- F 
stances a are innocuous, yet produce a strongly colored solution. Organic su sub- 
stances occur as woody particles, coatings on aggregate particles, or as wax waxy 

petroliferous materials disseminated through rock particles. 
- Determination of Content of Unsound Particles- —The standard tests to ie: 
termine content of coal or lignite (ASTM designation: C123- 39), and 
(ASTM designation: D546- 41) involve gravity ‘separation of the sample in a 
7 heavy liquid. Presumably, the coal or lignite, and the shale, float on the sur- 
face, other particles: of low specific gravity also will separate in the same 
manner. Clay lumps. are identified in the standard test (ASTM designation: 
C142- 39) as those particles | that ¢: can be broken up into fine material with “<i 


Sas These three t tests have been replaced in the USBR laboratories by petro- 
, graphic examination, thus eliminating erroneous classification of lightweight or 


—For several years petrographic examinations 


: have been made of all aggregates proposed for use in concrete construction on 
of the USBR;; but, with | sing time of the 


leaden have become more significant pi. increasing g reliance has been 
placed on them. The techniques and methods of petrographic examination of 
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coarse aggregates have progressed from mere visual examination to detailed § Texas, 
analysis and description of complex aggregates (8) (20) 
~ Petrographic examination is used to supplement the results of the standard sarily 


tests or to judge the need for special tests. _ Suspected chemical instability or @ indicat 
‘physical unsoundness can be checked by tests of mortar or concrete. Detailed tion. 
knowledge concerning the lithologic composition aggregates ‘commonly will and, 
— ‘precise determination of the cause for observed deficiencies, so that 


ameliorative measures can be undertaken. — Petrographic examination 1 is the 
only method heretofore available by which alkali-reactive aggregates can be 


identified, quickly and reliably, 


RES ESEARCH ON CONCRETE 
Deficiencies of the standard tests have led to attempts at development of bi, 


additional methods by which the physical and chemical proper ties of ag gregates 
7 could be determined. : Because of their great. significance, work was conducted 
first on alkali reactivity and Lon 1 the characteristics of pores w hich occur in solid 


materials. These researches ar are being continued, but results to date (1949) 
Research on on Alkali-Aggregate Reaction. —Soon after the experiences of 
Thomas ‘Stanton, M. ASCE, in California (13) were made available, the 
USBR became intensely interested in the problem « of alkali-aggregate reaction | 
because 0 of e experiences at Parker Dam on the Colorado River in California and 
Arizona (14)(20)(21). Adequate facilities and specialized personnel were pro- 
“cured i in 1941 to undertake a thorough investigation of the types of aggregate 
‘material capable « of p participating i in this reaction, the methnsinn prodedag | the 
expansion and id decline in ‘Strength of of the concrete ,» and possible ameliorative 
ame where reactive ageregates are encountered. _ (The problem o of cement- 

aggregate reaction represents an interesting example of the manner in which 
engineering problems can be attacked by scientific methods. The research 
- - herein | ‘summarized, and reported elsewhere (22)(23) in 1948, was obtained by 
_ highly trained and specialized scientific personnel.  Tnntegration of research and 


"coordination of science and engineering ‘yielded results of immediate 


‘It has been well ‘established th that the deterioration manifests itself as decline di 

sin str ength of the concrete and as expansion. © Outwardly, the concrete exhibits an 
typical patterns of cracking, which may be accompanied exudation of (2 
= ‘siliceous gels at the surface. These criteri ia furnish the engineer with methods ie 
preliminary diagnosis o of disease, but ‘complete diagnosis often requires al 


laboratory study. Even under favorable: circumstances it is not = 


Numerous ous of concrete structures affected alkali- -agg reac- 
tion are now recognized, and many of these are related to the aggregates of 
* . several specific river systems and drainage areas. — The map (Fig. 4) shows only 
the locations of structures that are definitely known to be affected by alkali- 
%, aggregate reaction (22a). West of the states bordering the Mississippi River 
} > _ there are several areas wherein no affected structures are indicated, notably 
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Texas, Oklahoma, and New Mexico; ‘most of } se and Utah; and Montana, 


Yorth Dakota, : and South Dakota. How ever, this condition does not neces- 
sarily imply that deleterious : aggregates are absent in these areas. . It merely 
indicates that no ‘affected structures in these areas have come to public atten- 
tion. . Acid to intermediate volcanic rocks are present in some of these areas | 
and, where significant quantities of these rocks have been used as ageregate in 


Via. 4.—LocaTION OF SrRUCTURES Tuar Have Bren Arrscrep By ALKALI- Acanscars REACTION 


combination with high-alkali cements, deterioration « caused by alkali- -aggregate 
reaction is certain to occur. East of the Mississippi River, -voleanic rocks are 
comparatively rare at the surface, but opaline or chalcedonic cherts are wide- 
Spread and are known to have caused deterioration of concrete thoowgh alkali- 
regate reaction i in Georgia Alabama. 


= alkali- ageregate ‘reaction can be disregarded i in this “sa ge area. i“ 
Some « of the earliest laboratory investigations conducted by the USBR were 


directed toward the identification of rocks and minerals that t react presen teiemay 
and their comparative re reactiv ities. Although previous (13) (14) (21) 
(24) (25) had indicated that opal, a phyllite, and certain intermediate to acidic 
volcanic rocks ¥ were susceptible to attack, the degree of reactivity of most nel 
and minerals was unknown. Therefore, samples of many common rocks on) 
‘minerals were obtained from various sources and, after crushing and — 


were fabricated into mortar with low and cements. Each 


| Asa spores of these studies, it was demonstrated that all silicate and silica. 7 
react of Portland but the greater number of 


or other distress reactions. The rocks and 
a minerals that contribute to deterioration of concrete in this way can be detected 
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by petrographic examination. The reactive minerals, and their chemical and 
physical characteristics, are (22b): 
Reactive minerals Chemical composition Phy: character 


(26) consis 
specif 
tive rocks and their reactive con Unfor 


Reactive rocks 
‘Siliceous rocks— sual 
Siliceous s limestones...... _......Chalcedony, opal, or a combination of “were 


Volcanic 


Rhyolites and rhyolite tuffs....... 


Dacites dacite I 
Andesites and andesite tuffsf the 
letamorphic strol 
area 
. a Any rocks containing veinlets, inclusions, vor g rains of the foregoing rocks wert 
T 0 bes sure, aggregate material may be deleterious for other reasons. In addi- of 
tion to. the aforementioned reactive rocks, for example, artificial glasses, : such 2 : 
pyrex glass, are known to be deleteriously reactive. Whereas the volcanic 
es listed are known to be ' deleteriously reactive, basalts and at | least certain § °° 
-phonolites are known | to bei innocuous, and data regarding | trachyte es and latites 
7 Reliance on the technical skill and | experience of petrographers to interpret hw 
the potential reactivity of aggregates has several obvious disadvantages. > 
overcome these difficulties, experimentation was directed toward the develop: 
- ment of a chemical test capable of predicting the potential reactivity in quanti-— Bn 
tative terms . Several varieties of physical and chemical tests have been advo- - 
cated desing the several (24)(27)(28) (29) none of 
decline i in strength, ete. c. Moreover al all are impractical | “the one or more reasons : Y 
such a as: ol 
y require too much time; 
depend on properties that cannot be measured or 
‘They cannot be applied simultaneously to all the different rock 
As early as as 1934, R. E. Stevens (30) demonstrated that. many common 4 
‘minerals are slightly | soluble in water and that slurries of finely ground minerals q 
quickly | become alkaline. ine. Some minerals yield — mildly alkaline solutions: ( 
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“whereas 0 others produce moderately strong alkalinity. ‘Attempts t to > correlate 
these types of data on aggregates with their deleteriousness, as indicated by 
‘mortar bar expansions, produced unsatisfactory results and these experiments 
were abandoned. — How wever, the studies | aided in formulation of later concepts. 
Basically, testing : a concrete aggregate for reactivity is simple. . It should 
consist merely of crushing the aggregate to an appropriate size, adding some 
specific amount of alkaline solution, and measuring the effects of the om 


Unfortunately, tests this type gave results that rather 


tests 5 (27)(28)(29), but the problem of differentiating bebween the ee reactive 
and the innocuous materials | was not r resolved by these early methods, which 
were based on determination of the quantity of silica dissolved by the caustic 
solution. The experiments demonstrated that some chemically innocuous ag- 
gregates: (such as basalt) released more ‘silica into solution than did 
moderately deleterious aggregates. 
x During tests of materials in different « size » fractions, it was discovered that _ 
the innocuous aggregates released from two to four times more silica into a 
strongly” alkaline solution from. pulverized ‘material than from somewhat 


coarser | This result indicates a ‘Telationship between surface 


silica did not occur in this ‘straightforward way when deleterious aggregates 
were tested. 7 In these experiments, the reduction of active alkali i in the solu- 
tion as w all as the amounts of silica taken into solution from the fcaccboaerll 
were determined analytically. _ The me measurements indicated that the potency — 
of the caustic solution was reduced more e rapidly than silica was dissolved from _ 
‘deleterious materials, and thus demonstrated that the earlier leach tests were 
not diagnostic of deleteriousness because the amount of silica. held i in solution | 
is not proportional to the amount of reaction. — 7 A successful method of testing 
-Tequires measurement of two factors—the effect of the solution on t the pba 
and the effect of the aggregate on the solution 
- Correlation of the chemical data with ‘mortar bar expansion is presently 
- obtained by comparing the quantity of silica released from an aggregate with 
the reduction in the alkalinity of a 1N sodium hydroxide solution during the 
reaction. For the test, specially7constructed stainless steel vessels containing | 
the aggregate material and caustic solution are immersed for 24 hours in a liquid 
bath controlled at +1 The test r requires rigorous control and pr precise» 
analytical methods, to yield reliable results. Diagnostic correlations have been 
— (Fig. 5) for 1 more than seventy rocks, minerals, sands, and gravels on on 
which mortar bar data are also available. In Fig. 5, only a few of the tested 
materials are indicated merely to demonstrate the expectable range of analytical 
-_Tesults and the separation of innocuous from deleterious aggregates. = 
The chemical data obtained during the development of an ag ggregate test st for 
reactivity, combined with important information obtained from microscopic 
inv estigations: experiments, form the basis for a general concept 
ate reaction causes a breakdown of 


we 


Papen 
al and 
— 
1s 
— 
ie 
on of 
q 
| 
a 
ocks 
ddi- 
such | 
pret 
lop- | 
The 
lds 
on, 
ons 
or 
als 
ns itt 18) i 5 1 as uring [_| 


CONCRETE “AGGREGATE 

the mixing period and the subsequent several hours, a large part of the alkalies 
: oft the Portland cement dissolve in the liquid phase. As hydration progresses, 7 
the ealeium aluminates and the s silicates of the paste extract water, thus causing 

- the liquid to become even more : strongly caustic. The caustic solutions then 
attack susceptible - particles o of the aggregate and produce alkalic > silica gels, 
These gels have a high affinity for | water. As they imbibe water, they swell and 

produce hydrostatic pressures within the confining concrete. 


Basalt ‘Chalcedony 


Flint 


a 
° 
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DISSOLVED SILICA (mM./1) 


1G. (EMICAL INTERACTION OF Conc 


ETE AGGREGATE AND 1 Hyper 
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smotic pressures in excess of 550 lb per sq in. have been measured (22c 
7 in the laboratory (Fig. 6) , and similar pressures hay have been computed ir in accord- 
‘ance with recognized laws of physical chemistry. ry. Thus, pressures that exceed 
the tensile strength of concrete can be - expected from the formation and the 
hydration ¢ of the gel. Asa consequence of rupture of the paste, microfractures 


develop and ‘the pressures are - momentarily; ily relieved by the intrusion of the gels. 
into mately exude at 


: tures 8 account qualitatively for both. the i increase in n volume of the concrete an . 
the decline in strength; a quantitative demonstration fact would be 
a Capillarity and Its Relation. to to Durability of Solid M aterials.—Formation of 

ice W within solid materials results in | breakdown a the operation of a 


or more of three separate processes: 


a a. The development of excessive hydrostatic press’ pressures | within: materials of of 
permeability during progressive freezing; 


RESSURE -P.S.1 
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Thee excessive thera of ice filling voids while temperatures 
freezin ng po oint. 


7 The effects of hydrostatie p pressure during progressive freezing cannot be 
— do oubted, but this mechanism alone probably will not explain all the observable 
variation in disintegration. Stephen Taber (31) has proved the development 
of ice lenses in soils | of low permeability. Both of these mechanisms require 
that Pores within the materials be minute, for neither i is. operative if the por res * 
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> predominantly large. The effect of excessive thermal expansivity of ice 


crystals i is probably | less ‘significant than the other two mechanisms; yet the 

_ thermal properties of ice may cause distress of rock or concrete, eapecially if 
- the temperature changes below the freezing point arelarge. The thermal —_- 
cients of linear expansion o of rocks and hydrated rarely exceed 
9.0 X 10-* per degree Fahrenheit (8), but in the Tange from 32° F to —4° F 7 
the coefficient of linear expansion of ice is 28 X 10-* per degree Fahrenheit (32). 

- _ The extent of breakdown in solid materials due to hydrostatic pressure, on — 
the one hand, or t to lens formation, on the other, is unknown. _ Breakdown of 
materials of low permeability through the | development of high hydrostatic ) 
pressures is undoubtedly widespread, and plausibly will account for observed 
distress of concrete (2) and disintegration of rock in many situations (11). — Mr. 4 
Taber developed the concept of lens formation specifically for soils, but . A. F. 
Gill and J. F. Thomas (33) applied it to studies of and con- 


ruption of porous concrete wiidaiiedi to freezing and mcg _ Mr. Taber (35) 
' found the potentialities for stress development in natural materials to be — - 


tively small, since he inhibited the formation of. ice lenses by surface loads 
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‘equivalent to 15 kg per sq. em (213 bb per sq in. ), sithanaps = belie 

tensile stresses as high as 1,350 kg per sq em (approximately | 19 000 Ib lb per sq in. 4 
possible in ideal systems. Nevertheless, Mr. Collins considered that the 
stress accompanying lens formation was the result of crystal growth and that 
it was limited i in magnitude only by the melting eam of ice at any — 
temperature (namely, 30,000 lb per sq in. at — 8° a 
Experiments i in the USBR_ 


preclude the e development of the high hydrostatic ange associated with low : 


weak rocks of low permeability | or of rocks containing fractures. _ Lens forma- 
tion also | occurs in unset (36a) or very porous concrete (34), and pr porous bricks 
(33), but it would that this mechanism is operative only where tensile 
Because ‘freezing and thawing « durability is is related to the sl slits 
and abundance of pores, an index of durability for any particular material can 
be obtained by measuring the Tate of evaporation from saturated specimens 
and the force associated with capillary movement of water into the material. 
By modifying apparatus used in the Department of Scientific and Industrial 
Research, London (37), ‘England, an instrument (Fig. 7 and 8) was s designed 


in the: USBR laboratories to measure these properties of rock, concrete, and 


= The apparatus i is | composed of a clamp in which the specimen 1 is sealed, a 
Ww water reservoir, and a mercury manometer. — The specimens tested in the 

“apparatus are cylinders 1.5 in. in diameter and up to lin. thick. The specimen 

is clamped into the apparatus and sealed by ring gaskets in such a way that air 


or Ww ater cannot pass” around it. The above the ‘specimen and all Space 


cock a at the top of the reservoir ches closed, water that evapo- 


“reservoir because ¢ of capillary attraction. te system. is open to 
atmospheric p pressure at. the other side of the manometer, so that the forces 
exerted by 1 the capillary openings can be measured provided they are at less. 
than atmospheric pressure. ' The rate of evaporation is controlled | by the rela- 
tive area of continuous capillaries exposed at the lower surface. 7 The pressure | 
in the r reservoir will continue to decline either until it equals the v: vapor pressure 
of water at the temperature of operation, or until the air is able to force the 
_ Water from the largest ; pores : and t! thus to prevent further increase of t the preenene 
a It is clear that materials containing abundant, continuous pores of omell 
‘size will be i indicated by the rapid i increase and the ultimately high magnitude 
_ Of pressure e deficiency. _ Materials characterized by a few large pores will be 
- indicated by slow increase in pressure deficiency, and and this | deficiency will still 
; be comparatively ‘small when air begins: to pass through the specimen into the 
teservoir, _ All combinations of rate of rise and ultimate magnitude of pressure 


deficiency are possible f for ae materials. In every case, the ultimate pres- 
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_ ff eliminated from the specimen (by saturation under vacuum) and from the ae 
reservoir prigrto the initiation 
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sure deficiency i is controlled ed by the minimum diameter of the largest: continuous sustal 
channel wa way in thes specimen. os Results of measurements on rocks and concretes dently 
are. indicated in Figs. 9 and data a are [oo 
rr 


MEAN PRESSURE AT THE 
(ELEV.5630)=24.7-inches mercury 


Clayey Limestone 
(P-3208)--- 


= 


Clayey Dolomitic Limestone 
(P-3508) 


(inches of mercury) 


hued 
a 


Weathered 


Siliceous Limestone 


PRESSURE DE FICIENGY (inches of mercury? 


Siliceous Limestone 


The rocks that failed ‘during the and test (Nos. Pp- 
3586A, and P-3662B, , Table 4) caused rapid increases in 
deficiency, which ultimately exceeded 22 in. 1. of mercury. The ~ weathered 
siliceous limestone (P- 3362B) is represented by a curve (see Fig. 9) below and 
to the right of curves representing the other unsound rocks. This rock dis- 
integrated more slowly and less ‘completely than the other unsound rocks. 
_ Apparently, three of the sor sound ‘Tocks (P-3662A 3662A, 3679, _P-3707) would 
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nuoUs sustain high | pressure deficiencies if the test were continued long ¢ enough. a Evi- 
sretes fg dently, their so 


inability to ) become critically s saturated while immersed in water. _ - 

‘iy The two sandstones (P-3510 and P-3511A, Table 4) are friable and ay 

ities lost 95% or sia in the Los Angeles abrasion test), yet they lost very 


 (ELEV. 5630) = 24 7 inches mercury 


4 


304 =-Concrete 
RA6-23 


PRESSURE DE FICIENGY ( inches of mercury) 


NUMBER OF CYCLES OF 
FREEZING AND THAWING TO PRODUCE 
25 PERCENT LOSS IN WEIGHT 


Concrete... .¥-1.......... 40 
50 


Concrete... RAG-22..... .120 
Concrete... 


Time (hours) 


> 


Fra. 10 ’ & 


. Poe amounts of material in the freezing and thawing test. Their soundness — 
: ls evidently related to the large pores which can drain effectively during pro- > 
ilk | gressive freezing. . One of these sandstones (P-3510) sustained a pressure de- 
ficiency of F171 in of | mercury, before a air was forced by atmospheric pressure 
dis through thes specimen. _ The rapid rise in pressure deficiency represents the high 


effective porosity. “The sound calcareous sandstone (P- 3671) apparently is 

f “characterized by relatively few pores, yet the pores are comparatively lar large, 
the ultimate pr ‘pressure deficiency being 18.9 in. of mercury. — 
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TABL LE 4.— -OBSERVATIONS ON Rocks Usep_ IN THE MEASURE 


CAPILLARITY, 


Type 


of soundness tests? | 


~ Firm, fine finely porous, highly argil- 62 at 
laceous eycles; broke down to smal) 

ai “| Firm, exceedingly fine grained, finely porous; 16.4 Specimens broke down to small 


| contains ins 5% clay chips and sludge during four 


Clayey Dolomitic Limestone: 
"| Firm, exceedingly fine grained, finely porous; | .... Specimens broke down to small 
contains 13% of silt, clay, and fine sand pieces sludge 
—T Moderately hard, brittle, fine grained, sea: 6.6 a a split in two, and one 


| Moderately hard, brittle, fine grained, yellow- 


2.7 
ish buff; opal, chalcedony, clay, and sand | during fifteen 
constitute ute 46% of rok 

4 
q 


Friable, porous, fine grained, quartzose sand- | 3.6 Specimens lost | 0. ti to wae 71% 


stone; lost 96. in five hundred eye cles of by granulation during fifies 
7.6 


Friable, porous, medium grained, quartzose 


sandstone; lost 95.0% in five hundred cy rcles by granulation during fifteen 


. a — massive, slightly porous, fine grained 0.2 Specimens lost 0.2% by = 
ing at edges in fifteen cycles 


| porous, fine contains large 2.0 No loss i in fifteen cyc cles 

| Hard, slightly porous, fine grained, cemented No fifteen cycles 


« 24-hour absorption. © Results of freezing and thawing in 24-hour cycles; freezing in cold room at 10°F. : 
thawing i in tap water, 


5. —Mix PROPERTIES oF Concreres Usep in IN ‘THE 


— 


-Mrx, Parts py W Wereer Con- 


3.85 ‘| 144.5 | 
2.65 ral 147.0 350 
2.65 147.0 | 350 
2.65 


315 
6} 315, 


Denver, Colo.; and L = crushed limestone. ¢ Definitions: "w/e = water-cement watio; C = cement; 
S = sand; and G = gravel. 4 Cycles of freezing and thawing to 25% loss of weight. Specimens were cured 
14 days in a fog room at 70° F. Then they were stored at 50% relative humidity at 70° F. The freezing 
and thawing soundness test was conducted after 180 days; and the capillarity experiment was run at 8? 

7 age of 2 years for concretes Y-1, Y-3, and Y-4 and at an age of 3 years for the remaining two concrete. — 
= 


7 Opal, chalcedony, clay, ‘and sand constitute | part broke down during fif- 
(42% ofrockk = — | cycles into several small 


Speci imen lost 1. 4% by ad 


Specimens lost 0.2% to 2.0% 


@ Cylinders, 3 in. by 6 in. 8 Maximum size of aggregate, } in.; Definitions: P = Platte River aggregate, 
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Apru, 
C: 
capi 
7 
P8508 
‘P-3662B 
rate 
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the 
byt 
1 
wet 
2 
val 
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1 
cel 
T 
0. 1.00 | 2.65 20 
L | 5784 1.62 | 
4701 0.55 1.00 | 2.65 1.52 t 
_RA6-22 | P| 5784 055 | 1,00 | 2:65 | 
RA6-23 | P | 5784 ew 
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Calculations, based on the relation « of ‘surface tension of water to size of 


‘capillary and height of rise, indicate that the pressure deficiency of the three 
rocks (P-3208, P-3586A, and P-3508, Table 4), which sustained a pressure 
deficiency of 22.7 in. of mercury, is equivalent to that which could be created 
by a a system of pores 0. 0037 mm in diameter. - The pressure deficiencies s sus- 
tained by the sandstones (P- 367 1, F P-3510, and ‘p- -3511A) are equivalent to pores» 


0.0044 n mm , 0.0050 mm, and 0. 0846 mm in diameter, respectively. 
Conerete specimens were tested similarly in the apparatus (Fig. 10 


Table 5), and three (Y- 1, Y-3, and Y-4) were found to be unsound, equivalent — 
specimens having lost 25% by w eight at. forty cy cles, fifty cycles, and forty 


eyeles, rem: maining -concretes and 


only after one hundred and cycles of and tng The 
rates of rise and the magnitudes of pressure deficiency a are comparable to those 
measured during testing of the rock specimens. - The po pore , characteristics of the 
rocks are therefore comparable to those of the concrete. _ Difficulty w was al 


- perienced i in testing concrete Y-1, Table 5, for i in three attempts gasket leaks 


occurred, and reliable measurements could not be obtained for one specimen of 
the two prepared. .% he slow initial rise in pressure | deficiency may be caused 
by the precipitation of soluble salts within the pores | of the specimen during the | 
“wetting and the drying entailed by repeated testing. So 

As for the unsound rocks, pc poor durability. of the concrete. is ‘indicated by 
rapid rise to high pressure deficiency (20.7 7 in. of mercury or greater). 7 ee 
eoncretes are indicated by much slow er increases in pressure deficiency b but the 


Pees ultimately attained are high (20. 6 in. of mercury or greater). Some: varia- 


tion in results is related to ) position in the original concrete from which the 
_ tested specimen was cut, as is implied by the separation of curves representing ; 
from different ends of the same 3-in. by 6-i in. cylinder (Fig. 


The rate and the magnitude of rise are indifferent to the kind of aggregate and { 


cement, apparently being related only to durability. 


The ultimate values of pressure deficiency (20. 6 in. to 21.7 in, of mereury) 


measured on on the concrete correspond to pores 0. 0045 mm to 0.0040 mm in 


diameter. 7 Thus, the controlling pores i ment paste are larger than the ~ 
controlling pores in the four unsound rocks tested. 7 Capillary mo movement of 


- 


water from the cement paste into t the aggregate particles of weathered or -argil- 
laceous limestones is therefore possible. Consequently, these: particles. can 
attain a and retain a high degree of saturation while enclosed by cement paste. 


The per tinence of this conclusion i is indicated i in the s section of this p paper con-_ 
size, abundance, and continuity, of pores in 1 aggregate. 


_ The a apparatus used in these experiments can be e modified s so as to measure 


the abundance of voids of different sizes. _ How yever, techniques for 
t 


continues to indicate that durability, of rock and ‘concrete can be. predicted 


_ adequately from a function of effective porosity and pore size. : 
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ny physical : and chemical of affect quality of con- 
crete. . Most important are: : (a) The size, continuity, and abundance of ‘internal 

voids; 0) the bonding characteristics; and (c) the alkali reactivity. Other 
_ properties (especially volume change with wetting and drying) occasionally. are 
critically important. The standard tests generally applied to determine ac- 
_ceptability ¢ of aggregates are inadequate. _ They yield data only statistically, 

: not specifically related to the fundamental quality of aggregates. — Deficiencies 

of these tests sts are mitigated if they are supplemented by an examination by 


a petrographers experienced in problems of f concrete. . However, a reorientation 
testing techniques is needed urgently, 
- Research | has developed a c a , chemical test which quickly and reliably identifies 
the aggregates causing distress of concrete containing high-alkali cement. A 

r _ promising technique for quickly evaluating freezing and thawing durability of 
i aggregates and concrete and for exploring quantitatively the character of in- 


| _ ternal voids has been devised. _ Research on the properties that t determine bond - (9) 
between n aggregate a and cement should be promoted with vigor. | ~ More must be i 
learned « about the occasionally significant properties, such as thermal expan- | ” 
_ sivity and the ability to shrink and expand with drying and wetting. Efficient - 

4 and practicable tests of the fundamental properties of aggregates should be an 


yet, inevitably, economy ene! not permit application of complex, 


7 may serve to establish the testing program necessary for each aggregate, e, with ha (2 
to n measuring properties that cannot be estimated with sufficient accuracy. 
: _ Improvements in the testing of aggregates should proceed hand in hand 


y with research to improve cement and techniques of mixing, placing, and curing. " 


7 Only thus can the full p otentialities of concrete be realized. " 
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CONTROL OF TI ‘THE HYDRAULIC JUMP. BY SIL LS” 


BY Jo OHN FORSTER* AND RAYMOND A. SKRINDE, 2 JUNIORS ‘ASCE 


OPSIS 


_ The hydraulic j jump isa _ phenomenon well known to hydraulic engineers as 


a useful method of dissipating excess energy thereby preventing ¢ 


below overflow spillways, s, chutes, 2 and sluices. Violent 1 turbulence inherent in 


‘the j jump has. also resulted in its u use in mixing and aeration processes. ‘The 


value of relevant data ir in the design. of such pr processes has initiated 1 many experi- 


mental investigations, so that the dimensions and characteristics of a 1 hydraulic. 
in a ‘rectangular - channel may be predicted within practical limits. Ae 


‘cordingly, the main difficulty in 1 designing ax any sti structure Ww yhose functioning is 


“dependent on t the formation of a a hydraulic jump lies in ‘determining how to io 


insure the formation of th the | jump and control ite position, rather than in pre- 7 


“dieting its 


Ww hen the normal | tailwater depth i is such that supercritica al flow tends to. 


continue down: nstream, fort mation “* a jump may be effected by ‘sills placed | on 

the channel Unless a a sill ‘is properly, designed, however r, a true 

hy draulie j jump will not form, and the desired results. will not be e realized LL For 

example, a drowned j jump may occur , within \ which the high- velocity fl flow yw does 

- diverge : satisfactorily; the flow may § simply pass over the sill as. a standing 


wave or sw well; or it may impinge u upon the n the sill and be deflected forward he 


“Upw: pward i in a het or spray. I In these cases i aeration. or ee ouneg gy 
tion, or both, may be negligible compared to that | occur ring: in 


in 


-araulie jump, 


The object of the study described herein was to investigate the performance 7 
of such sills in level rectangular channels, an and to attempt to for rmulate a a general » 


4 


~ method of design. The experimental | results are shown to compare favorably 


: with a theoretical analysis, and data of general application are presented 


Nore.—Written comments are invited for immediate publication; to insure publication the last dis- — 
cussion should be submitted by September 11,1949, 


Engr., Hydro-electric Const. Dept., Cia. ‘Brasileira Administradora de Tecnicos, Paulo, 


* Hydr. Engr., Corps of Engrs. Walla Walla Dist., Walla Walla, Wash. 
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‘Two wo ) types ¢ of ‘sills were investigated: First, a vertical nonaerated weir with 


a sharp crest, and, second, an -abrupt rise in the channel | bottom. Charts ts have 
been prepared which may be used to determine sill dimensions for preliminary 


- desig esign purposes and as a guide i in analyzing or predicting th the effect Of such sills 


= 


under given condition 


‘The e theory. of the has discussed elsewhere 
so ‘thst a a full review here is considered ‘unnecessary ™ However, a brief review 
of the | main relationships is given as a basis for the ‘development which follows. 

In the case of water: forming a hydraulie jur jump ina horizontal “flume, the 
ratio of unit inertial reaction to unit gravity force is a criterion for dynamic 


similarity. Such a ratio is comprised i in the Froude number: ir 


which V and d reapeotively, the mean velocity and the at any 
section, and g g is 3 the acceleration due to gravity—so that geometrically similar 
cases of such flow ir in open channels will be dynamically similar (that is, veloci-_ 
ties and pressures will be similarly distributed) when the Froude numbers for 


the two cases are the same. 
forms of this for dynamic similarity 


“been used; for example,* the “kinetic: flow factor” — or the ratio of 
velocity head to the depth o of flow =— _ The particular form used for open- 


- channel flow is a matter of individual preference. Owing to its general sig- 
nificance, the Froude number has been used in this investigation. For the | 


Aid 


condition of critical flow, F = 1; for tranguil or eee flow, F <1; and 


for shooting or supercritical flow, F > 1. 
Theo conditions of the jump phenomenon ¢ are a that the momentum prin- 
ciple may be e conveniently used in analyzing the problem. Asa a first approxi- | 
- mation, the assumption is made of uniform velocity distribution before and . 
_ after the j jump. _Considering t the ; free body bounded by the end scctions, the 
~ level floor, ‘and the water surface | (Fig. 1(a)), the only external force effective 
- changing the momentum is the pressure acting at each of the end sections, 


= the pressure distribution i is hydrostatic. Considering unit width in 4 


rectangular horizontal channel, the net force acting in the direction of flow is 
— to the i increase in momentum flux between the sections; thus: 


-- 8**The Hydraulic Jump in Terms of Dynamic Similarity, ” by Boris A. Bakhmeteff and ete E. 
Matzke, Transactions, ASCE, Vol. 101, 1936, pp. 630-647. 


 4“"The Hydraulic Jump in Sloping Channels,"’ by Carl E. Kindsvater, ibid., Vol. 109, 1944, p. 1109. 
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in a which is ‘the specific weight the is the. density 0 of the guid, 


Combining Eqs. 2 and 3 to Vo, the v: value 
for the flow, leads to the dimensionless relationship: 


For supeerita flow on a level floor, frictional dissipates the 


@ WITH ABRUPT RISE 


Fia. 1 _Vevociry, AND Resarsons IN THE HypRaAvLic 


point: slong thes ‘the profile the flow conditions are characterized by a particular. 
value of F. A hydraulic jump will form where there occurs a downstream depth 
* that satisfies Eq. 4. If the downstream depth i is then decreased, the jump 
- will recede downstream to a point where Eq. 4 is again satisfied. Similarly, | 

if the downstream depth is increased, the jump will be forced upstream and 


‘may be drowned at the source (sluice ote, conten spillway, « or similar device). 
If the downstream depth is lower than that necessary for the formation of a 


ion a sharp- crested baffle or an abrupt rise in the channel bottom 1 may be 
used to increase it. In either. case, an _ analy: sis of the flow conditions m may be 
- made similar to that for the hydraulic jump, in that only | the equations ex- — 


: _ pressing the p principles of continufty an and momentum are necessary fora solution. 
Dimensional Considerations —In the hydraulic jump phenomenon just 

considered, the ‘sequent depth d: is primarily dependent on the depth a and 


the velocity Vi of the supercritical flow, and the value of 9 which determines 


Dimensional analysis then leads to the conclusion eet de/dyi is expressible as a 


Hydraulics. of Steady Flow in Open Channels,” by Sherman M. - Woodward ‘and Chesley ? 
: ~ Posey, John Wiley & Sons, Inc., New York and London, 1941, p. 64. ~~ 
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os if h is is the h height | of the sill introduced into the channel to effect 
‘the { formation of a jump (see Figs. 1(6) and 1(c)) then, in general, h will depend 
as. before on V 1, , dy, a nd g, and also on the normal downstream or tailwater 
depth d; d; and the a x X from the toe of the jump to the sill. _ Thus: _ 


Dimensional analysis then leads to the conclusion that. h/dy i is expressible as a 
function of F, d3/d;, and X/d,. However, since the exact position of the jump 


cannot be treated theoretically X/d, will be considered constant, with a ,magni- 
7 tude si sufficient t to o insure a complete j jump. This simplifies the analysis so that 


Analysis fora Sharp-Crested Weir. the case of a weir being” used to 
effect, the formation of a jump) (see Fig. 106); further simplification is is possible, . 
due to the fact that, as long as the downstream depth ds is less than that re 7 
quired to produce submergence of the crest, the flow pattern upstream from ff in: 
the weir is independent of ds | Under these conditions ds is eliminated as a 
variable, , so that for a any given position of the j jump » relative to the: weir, h/day 


should be a function of Falone,or 


To develop this relationship, first the momentum equation (Eq. 2) for the . 
hydraulic jump is wv written as before. Then to the continuity equation for | the i 


“previous case (Eq. 3) must be added a term for the discharge over the weir. 
a) sharp- -crested, aerated weir with negligible velocity of approach, , the 


ny _ this relationship is not expected to apply in the case of a low non- ; 


| _ aerated weir in a rectangular channel. . F or want of something better, empirical 
: coefficients may be applied to the theoretical expression in in order ‘to obtain a 
first approximation. The c continuity Ly equation then becomes _ 


in which C, C2, and Cra are a defined a as follows: 


0.61, which is the limiting value of the Bazin suppressed ¥ weir - coefficient 
7 for no velocity of approach as H approaches infinity. It applies 8 provided the | 
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‘normal downstream depth will not affect tl the disqharge over the ‘weir'—that i is. , 


> 0.5 55 


0.8 878 + 0.128 


- 


which is Forchheimer’ s coefficient® to correct for nonaeration of the nappe and 
is. valid for H = 0.4 “a (This condition was found to obtain for all experi- 


mental runs during the investigation.) _ 


Introducing these values and for the coefficients nts (Eqs. 12) i in 


Eq. 11 and eliminating variables, 


=0 0.664 (N 


(N-r\ 


- 


is an —_ equation for h/dy i in terms of F, aad may be s solved by y trial. 


resulting plot is shown as curve (a) in Fig. 2 a 
of Fig. 2.—Curve (a), Fig. 2, indicates. the theoretical rela- 
tionship, completed by empirical coefficients, between the Froude number F of 
the approaching supercritical flow and the —--ratio necessary for the formation | 
i 


of a hydraulic jump that is complete upstream from the weir (providing it 
- not a submerged). — Coordinates lying above and to the left of the curve repre- 
: sent conditions in which the weir is too high, so that the j jump is forced upstream > 
- may be drowned at the source. | Coordinates lying to the right of the curve 
_ Tepresent conditions in which the 1 weir is too low, so that the j jump is forced 


downstream and may be washed out. 
‘The point F = 1,h/d = = 0 corresponds to ‘the case of ‘critical flow discharging 


over an abrupt fall in the channel bottom. — If the analysis v were exact, the 
curve would be — to } pass through this point, since for the = con- 


which is Bazin’s weir coefficient to provide for 
a provide for the effect of approach velocity.” 
nd 
ter 
(7) 
8a 
0.770 + 0.847 | 
he This 
ir. — 
0) 
al 
a -% .. 
1) 
draulik, by H. Forchheimer 
ydraulics, by George E. Russell, Henry Holt and Co., New York, N 
— 


ditions of critical flow d, = é However, for F = 1, the computed value of 
h/d, 1 = — 0.15 indicates an inexactness in this extreme limit due to the em- 
pirical ‘coefficients used in the analysis. _ 
- It is to be noted that there is nothing inherent in the solution which deter 
mines the ¢ distance X from the toe of the j jump to the weir. The Froude number 


of the flow is s that at the toe of the j jump, and the only assumption relative to. 


7A 
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dg 
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Vatues 


‘Values of FO 
FORMATION OF THE Hypraviic 
the distance X is that it be of sufficient magnitude to. permit the establishment 
ss uniform velocity distribution at the depth dy upstream from the e weir. 
Variation of X/d, with F and must be investigated experimentally rather 


oe) of the normal channel will result in an abrupt rise in the prneiier ation 
rer may also be used to control a hydraulic j jump. _ This case varies from 
that of a weir, however, in that the flow pattern is affected by the te 
depth ds for all possible conditions - flow i in a level channel. Consequently 


’ this functional relationship al: also may be developed b by use of the momentum 


First, the momentum equation between sections 1 and 2 is identical with 
Eq. 2. By assuming hydrostatic pressure distribution at the section of the 
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rise, the force the face of the rise may be evaluated mes 
1 7 h (26 dy -~® and the momentum equation betwe een sections 2 and 3 becomes 


Combining with Eqs. 2 and 15, the continuity e equation, 


eliminating da, Ve, V3 gives 


(# 


Fora a fixed value « of h/dy Eq. 17 i is implicit for d;/d; in terms s of F and may be 


solved by trial. — _ The resulting plot of ds/dy versus F for "certain constant values 


6 


Interpretation of Fig. 3.—Dividing the (Fig. 3) into three mai 
= are two lines, which pass through the intersection of the coordinate 


7 axes. By considering the conditions s represented by t these dividing lines, the 
- Significance of each region becomes apparent. ‘The curve ve for h/d; = = 0 is 
Gna) by the equation for the hydraulic jump in a level rectangular channel 


(Eq. . 4), and thus represents equality between the nor mal tailwater depth and 


= sequent depth of the supercritical flow. _ Above: this line, the r region within 
which ds is greater than dz corresponds to the case in which a drop in the channel 
bottom (rather than an abrupt rise) i is necessary to maintain a ajump, 


‘The curves of constant h/d; pass through a minimum value of F. By 


: “setting 0, the equation of the line of minimum F-values is ne 
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sectior 

& may be shown that this relationship corresponds to the condition that the 7 

entrar 

However, as flow is not normally | changed from subcritical to supercritical by Down 

a reduction in the cross section of a level channel,* it is obvious that if a jump botto 

forms, ds cannot | be less than d.. | Hence, the region below the line represented mete! 

by Eq. 18, within which d., cannot represent jump conditions as assumed ~Rehb 

in the analysis, but cor responds to the ease in in which no jump forms, the super- “three 

critical flow shooting over the sill and continuing downstream. 

Between these two dividing lines, the cu curves indicate the theoretical and 

a tionship between F, h/d, and d3/d, for the formation of a hydraulic j jump t that 0.001 

complete just upstream from the | rise. Fora given n abrupt rise and discharge 

; ina , channel, | Vi a, d;, and h are e known. The value of h/d, indicates the § abru 

“position of a curve, whereas the the coordinates (F, ds/di ) define a point. Of this dista 

a - Point lies to the left of the curve, the sill is too high and the j jump will be forced. the { 

upstream where it may be drowned; if it is to the right, it will be forced down- used 

pon toward the sill and may be washed out. 4% 

Further interpretation of the curves may be made by considering the -disel 

7 in — for a fixed height of rise h the depth a d; is also” fixed, a as by a Sluice gate, belo 


601 that rat i is constant, The up branch of the corresponding curve then 


represents conditions under which a true e hydraulic j jump forms. the dis- 


charge, and hence F, is s reduced, the constant —-curve indicates how the tail- 


water depth n must be decreased to maintain a stable jump, so that ds ap- 
proaches de. Further « decrease in F will then result in the jump moving up- 
stream and drowning the initial conditions. (At th this point, when discharge — 

_ takes place over the crest of the abrupt rise at the critical depth, the e effect of 
the abrupt rise becomes essentially that of a weir. 7 To illustrate this, the four 

. values (F, h/di) raged by the line representing ds = de in ‘Fig. ¢ 3 have been 
replotted i in Fig. 2. resulting curve (curve (b), Fig. 2) agrees closely with 
that for the weir, ‘nd the discrepancy may be attributed partly to the error 
attached to the empirical constants Ci, Ci Ceo and partly, to the fact that the — 
assumption of hydrostatic pressure distribution becomes less justified as ll 


approaches d d, 


The lower branch of the qreurve in Fig. 3 (below the line d3/d, =Fi F!) cor- 


- ponds qualitatively to conditions in which no jump forms, the supercritical 
flow shooting over the sill and continuing downstream. Quantitatively this 


“Elementary Mechanics o! of Fluids, by ‘Hunter Rouse, John Wiley & Sons, Inc., New York, N. 
(1946, p. 137, 
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section of the curve will be inexact, because the ‘assumption made regarding t the 
| pressure distribution becomes quite unwarranted under these conditions. _ a 


— 


4 LaBoRaToRY APPARATUS 


— sn s were carried out in a rectangular flume 10 ft long, 1 1 ft wide, 
al 28 in. deep, having glass w walls and a brass floor. _ At one end \ was an 
entrance tank into which the water flowed through a regulating valve from a 
constant-level tank overhead. i An adjustable sharp-edged vertical sluice gate 
was used to regulate the depth 1 of flow into the flume fi from the entrance tank. 
Downstream water depths were regulated by a steel tailgate, hinged at the 
bottom, at the outlet end of the flume. . Discharge was measured by a an elbow 
meter, which had been previously calibrated by a sharp-crested weir, and the 
Rehbock discharge formula. Water depths in the flume were measured by a 
three-pronged point gage mounted on a carriage sliding on level rails. ‘The 
prongs of the point gage were so so spaced that readings were taken at the half 
and quarter points across the flume. The gage could be read by » vernier to 
Brass plates from 0.048 ft to 0.348 ft in height w were used as weirs. Fe For r the 
abrupt rise, a false bottom extended from the top of a weir to the tailgate, a 
distance of approximately 2.5 ft. - This false bottom could be affixed flush with 
the top of any of the weirs, and leveled by supports and shims. Brass vieten 
used with this arrangement varied from 0. 078 ft to 0.261 fti in height. 
bg The maximum height of sill used was limited by the available head and the 4 


porn measuring facilities. Minimum heights were limited | to magnitudes: 


below which robable percentage errors involved in the measurements were 
Pp I 


considered too high for the data to be of value. : 
EXPERIMENTAL PROCEDURE 
Por the Weir.—In the case of the sharp-crested, nonaerated weir ‘it was 


“decided to maintain an unsubmerged crest, as assumed. in the theoretical 


development, in order to eliminate the tailwater effect, and hence the variable 


Fre. —Evrecr OF BAFFLE SHOWING Vantarson OF Warer- -SunFace 


d;/ di. 


The investigation was then conducted to determine the variation of the 
form of the water-surface profile. (and hence X/d2) with F and h/di. 
~ Four values of the ratio h/h— —4, 1, 2, and 4—were investigated, and for 
each value of h/d, runs were made to determine the water-surface profile for 
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_eertain fixed values of F w within the practical range of pia With A and 
 d, both fixed, a true jump formed well upstream from the baffle for a low dis. 
charge. , ith the increase in discharge, and hence in F, the toe of the jump 


“was forced downstream toward the weir. (Fig. 4) until the flow either shot over 


the weir as a sheet, or passed over the weir as a standing wave or surge, depend. 


Sees on the value of Bid, As the toe of the jump moved downstream and closer 


to the weir, water surface became more highly agitated, » that. the d 
culty ¢ of obtaining a true » mean profile increased. _ Each point on a profile was 
_ determined by averaging three independent readings, one taken for each of 
- the three prongs on the point gage. Each individual reading was taken by 
_ setting the pointer at a position judged to be the mean elevation of the fluctuat- 
7 ing water surface over a period of time. For each value of h/di, ru runs were — 


- _ using weirs over as wide a range of size as was practicable. Thus, for every 


one of the four values of h/dy pay | independent profiles were obtained for 
of several fixed values of F. 


a 4 For the Abrupt Rise.- —As previously y explained, ta tailwater effects (and hence 
the variable | d3/d,) were eliminated in the case of the weir by maintaining an 
_ unsubmerged crest, under which conditions the variation of the relative posi- 
tion of the jump with F and h/d, was determined. _ In order to investigate the 
field as fully as possible in the limited time available, it was decided, in the case 


the rise, to maintain the telative position of the jump ‘constant (thus 
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the X/as), to ‘investigate rather the effects of the 
tailwater. Accordingly, for the abrupt rise, the investigation was conducted 
to determ mine the variation of d3/d, with F and h/d; for the condition that 
X=5 (h + ds) . This value of X was selected because it seemed t to provide 
sufficient distance for the jump to be , completed before the rise, , and because 
the tranquil flow conditions downstream from the rise permitted quite accurate — 
measurements of ofh + Practically, this resulted in a jump, the toe of which 
slightly greater than 4 upstream from the rise. 
4 For any given abrupt | rise, h/d, was fixed by regulating the sluice gate 
opening. _ The discharge, and hence F, was fixed by: regulating the inlet valve. a 
‘Then, by adjusting the tailgate, the toe of the jump was made to occur at a 
detance 5 (a+ ds) upstream from the rise. For this condition, values of di, 
dy, and the discharge were recorded, and values of d3/d, and F, later computed. 
The minimum discharge under which such a jump formed occurred when the 
“tailgate effect. was removed, and the discharge took place as free fall at the — 
“outlet end of the flume. (Fi ig. 5 illustrates conditions in which d;/d, = = 5.5 


‘Pia. 6.—EXPERIMENTAL VaRIATION oF Revative Barrie HEIGHT 


AND THE RELATIVE Position OF JuMP 
Throughout the experiments the depth measurement used to determine the 


: recorded value of F was made at a distance 20 A upstream from the sill. The 
a defined was convenient in that it was fixed ond ~~ given | baffle, a nd 


“surface profile was obtained by using d; as the un nit of lonath and so ‘that all | 


‘Tecorded points could be plotted dimensionlessly for several independent runs, 
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Ee for onal of the four values of h/dy—4, 1 , 2, and 4—profiles for 


four or five values of F were e available, varying from the case in which the j jump 
“thot ove well ‘upstream from | the weir to that in which the 7. flow 


For the sake of these profiles have | not. been included, only 
the summarized results being presented. + Thus, for each of the four values of 
_h/d, investigated the value of F corresponding to three values of X/d2 (spe- 
‘cifically, 3, 5, and 10) was determined from the plotted profiles by interpolation, — 

4 The resulting curves are shown in Fig. 6, where the theoretical relation from 


‘Fig. 21 is also plotted to provide @ comparison with experimental results. a 
_ the Abrupt Rise—All experimental results are for the condition that 


5 (h+ ds). ‘Fig. 7 shows the variation of ds/d, with h/di and F for values 
A/dy of 3, 1, 2, and 


Lower limit of ' 
experimental range 


Values ot 


. 7.—EXPERIMENTAL VARIATION OF TAILWATER Durrs F anp THE 


COMPARISON OF RESULTS) WITH THEORY 

For the Weir—The relation of the theoretical function of h/d; versus F to 


‘the curves plotted from observed data is indicated in 1 Fig. 6. All the experi: 


mental curves lie to the right of the theoretical, but approach it more closely : 
as the ratio X/d: increases. This is to be expected because, as the distance xX 
increases, the velocity distribution of the flow just upstream from the baffle . 
- approaches more closely the uniformity assumed in the theoretical development. — 
q 


Also, it is obvious that the increment between the c curves for = 3% 3 and 
= 5 is. ‘much greater than that between the curves for X/d2 = 5 and 
X/de = 10. This occurs because the velocity distribution closely approaches 

ete for X/dz = = 5, any further i increase in X/d: having | little additional 


effect _ Thus, the curve for X/d2 = = = 10 marks the closest approach that may 

be expected of an experimental curve to the theoretical. The remaining dis- 

crepancy must be attributed to to inexactness of the theoretical development due a 
7 to the empirical coefficients used, and to lack of agreement between the experi 
_mental conditions and the idealized ones of the theory. _ 
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aring the (Fig. ' 


the range of data all the curves approximate straight 
the slopes of which are similar in both cases. This is as would be expected, 


as the experimental results serve simply to fix the Position of the curves for a 


certain of the jump—namel = wa 


somewhat to the right of the - corresponding theoretical curve. . shift is 
almost negligible for h/d, = = 1, but ‘preceding toward the right of the chart, — 


as the values of h/d i increase, ‘the : amount of shift between the » corresponding | 
and theoretical | curves increases. The extent of hey: maximum 


It may b be shown analytically that, as the ratio — 


ing to a velocity ‘distribution approaching uniformity at the section of the 


ad rise), the experimental « curves shift to the left toward the theoretical — 


Had the experimental r runs been oundested with the ratio a equal 


In Fig. 7 it is also. apparent that the dashed line defining ‘the lower limit of 
the experimental range lies above the line defining the theoretical limit. T his 
is because the laboratory apparatus did not permit reducing nancial 


depth to the ¢ critical depth; otherwise, the lower limit of the experimental range 
would be shifted downward. 


im 10, then, as in the case of the weir, the experimental curves would approach | 


APPLICATION | or 

_ In practice, d,; and V; of the supercritical flow, d2, and ds may be computed. . 
Then, provided ds; < d2, a sill may be used to prevent the hydraulic jump from 
being forced downstream. — With these factors known, , Figs. 6 and 7 are useful 
for the purpose of either predicting the effect of a given sill on the flow pattern 


or of determining height of sill required to control a jump. 


known supereritical tailwater flow conditions, provided ‘that the tailwater 
depth does not affect discharge | over the crest—that is ds (d2 — 3h). In 
any given case, the coordinates (F, h/d, )i indicate a @ unique point on on the the diagram. 
if this point lies between the experimental curves, hydraulic jump action will. 
“result, the corresponding interpolated value of X/dz indicating the relative 
- position of the jump. If the point’ lies above the curves, the jump will be 
forced upstream; when drowning results, the weir will serve to deflect any high- 
‘velocity bottom currents. , a the point lies below the curve X/ds =5, a 
shortened, » incomplete j jump or spray action, will result; only a qualitative 
prediction of the. effect i is ‘Possible, depending on the distance of ee point from 
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design purposes, ‘it is that the curve for = = 5 in ‘Fig. | 
be used, , under | conditions of maximum ‘discharge. — Then, for maximum diss 
~ charge the weir will j insure the: formation of a jump, whereas for any lesser 


_ discharge the weir will serve to create a ‘stilling basin in which a longer or a 
drowned j jump occurs. 


‘The e case of the submerged weir - has not been investigated quantitatively. 
Ordinarily, -unsubmerged conditions prevail over a wide range of discharge; if : 
_ submergence occurs, the jump is forced upstream with as drowning as 


the Abrupt Rise. —Fig. 7 provides a method of predicting the performance 


ofa a given n abrupt. rise when Vi, dy, de, ds, an and he are known. Three situations 


_" ‘First, if the po point «, ds/d, ) lies above t the line h/d, = 0, , the conclusion is 


hat ds >: te so that an abrupt rise would serve only to: increase the > drowning 


_ Consequently, a drop i in the channel b bottom rather than an abrupt rise 


is necessary to maintain a jump. ‘This case has not been investigated in 


Second, if the pc point (F, ds/ds) lies w within the experimental range (that is, 
between the lines for ds = dz and d; = ® then the position of the point rela- 


tive to the corresponding q, curve indicates the effect of the : abrupt rise on the 
; i flow pattern. _ Thus, as was pointed out earlier, if the point lies on the corre- 
sponding ; qos, a jump will form with ; if it lies to the right of 
the curve, the sill is too low, so that the jump will be forced downstream tow ard 


the abrupt rise and may be washed out; if it is to the left of the curve, the ie sill 
‘is too high and the j jump will be forced upstream and n may be drowned. — 


“the n ‘normal downstream flow i is supereritical—that is, the slope i is steep fer the 


given discharge so that the control section is at the abrupt rise. Formation of 
a. jump then results in discharge taking place over the crest of the abrupt rise 


| 7 at the critical depth, so. that the case is analogous to that of the weir. Fig. 6 

‘may be ‘used, therefore, a as outlined in the preceding section, = 
_ a Fig. 7 may be used to determine the necessary length and depth of stilling 

_ basin w when Vi, , da, and ds are known. _ For most tailwater rating curves, the 

critical: condition—that i is, that re requiring maximum value of h—occurs 

_ conditions of maximum discharge. It is proposed, then, that the point 


| be first defined for conditions: of maximum um discharge, and the corre- 


7 _ sponding value « of h/dy determined by interpolation. i: The effect of the sill for 


lesser flows should then be determined from the figure as previously outlined, 
- and if necessary the sill height increased. * For the expected range of discharge a 
_ this procedure will indicate the minimum height of sill necessary to > prevent the 
jump from being washed out. For the critical condition a jump will form, and 
= > complete upstream from the sill, whereas for other discharges a a propor- i. 
7 tionally longer or drowned j jump p will « occur; in the latter c case the sill will serve e 
deflect any high-velocity bottom aa. 
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When es: demesne slope is steep, and — the tailwater depth i is less 
‘than critical, either a | weir or an n abrupt rise of f the same e height may be used. 


— 


‘Concrustons 


ely. For any supercritical « discharge in a rectangular when corre- 

e; if sponding dz is greater than ds, a hydraulic jump may be created and prevented 

5 as from receding downstream by either a weir extending across the channel or an 
abrupt rise e in the « channel bottom. When the normal downstream depth 
omad is less than critical, then an abrupt t rise an and a a weir oes the same height are 

7 - For conditions in which the tailwater does not a fleet discharge | over ‘the 
nis | crest, a theoretical le sis, based on the momentum principle and | completed 4 
‘ing bye empirical coefficients, indicates a definite relationship between the depth and P 
rise. _ velocity: of the shooting flow and the height of a sharp-crested, nonaerated weir 7 
| in “necessary to produce a jump. -Asimilar theoretical analysis indicates a definite 
relationship between Vi, di, ds, and the height of an abrupt rise necessary to 
is, produce a a jump for conditions in which 4 ds > de. 

ala- ‘Data from experimental investigations conducted in a level rectangular 
i — verify | these theoretical relationships within close limits, and any dis- 
aul erepancies may be accounted for logically - The experimental data are pre- 


Te Spies in dimensionless charts—one for an abrupt rise, corresponding to the 
. outlet of a depressed stilling basin, and one for a low, , Sharp- crested, nonaerated 


—that provide a method of predicting qualitatively the effects of such sills’ 

ard on supercritical flow. These charts serve also to indicate the type of hydraulic : 

sill. 4 jump control applicable under given conditions, and may be used in the design ~ 

— | : of small structures, or in the preliminary design of large structures by indicating 

= the range of sill sizes to be investigated i in detail in specific model studies. 
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THE RELATIONSHIP BETWEEN | PILE FORMULAS 
AND LOAD TESTS 


Discussion 


BY ROBERT D. CHELLIS. 


RoBERT D. M ASCE —Valuable pointe that should be kept 

in n mind when arriving at | decisions regarding pile ile capacities have been presented 

in the discussion of this paper. 

_ Mr. Lee ee calls : attention to tests involving clay strata. Because o of the 

“greatly restricted use of formulas, if soils with some clay or silt strata were 


excluded, a number of cases having mixed but predominantly granular soils 


“were inbeded. 7 In n some such cases the ratios of formula to test loads were 
above 100% and in other cases below, with no trend definitely apparen nt. By 
- consideration of foot- -by- -foot driving records and borings, the engineer s should 


“judge the effects of the clay strata and make such ae he deems pooper 


- ‘Mr. Lee states that it has been recognized in England for the last 10 years 
that the Hiley type o of formula i is the only one having any reasonable claims to 
fairly” accurate forecasts of the ultimate supporting value of piles. . . The: writer 
‘is glad to have this fact again called to the attention of engineers in the United 
States. . Mr. Lee feels that. too much attention has been directed to showing 


the inaccuracy 0 of formulas that are. known | to be entirely unsuitable for ll 
purposes to which they have been applied. This is true in England, , but in oi 


lor this condition. 


‘United States the Engineering-News formula is still in practically universal — 
use and is contained in most building codes. = It w was ; published | again the. a 
influential new building code for New York, N. & 2 , thoroughly revised and 
adopted on November WY, 1948. _ shake this trust, actual evidence i is needed, 


such as is produced in ory paper Admiral Angas’ discussion bears witness. to 


the fact that the snaneiodss ews formula and its variants “die vimeaall in the 


_ Nors.—This paper by Robert D. Chellis was published in May, 1948, Proceedings. Discussion on this ' 


paper has appeared in Proceedings, as follows: September, 1948, by Donovan H. Lee; November, 1948, by 
Jacob Feld, Richard F. Kafka, G. B. R. Pimm, and George D. Hartley; and December, 1948, by W. Mack 


“Structural ar. Stone & Webster Eng. Corp., Boston, Mass 
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CHELLIS ON PILE CAPACITIES Discussions 


‘There a are two aspects to the problem of why the xy type of formula may 

2 not have given even better agreement with test results. © One i is the question 

of theoretical accuracy y of the formulas and measurement of values for use ine 

the formulas, and the other, mentioned both by Mr. Lee and Mr. Feld, is the 


question ¢ of the accuracy and interpretation of load d test results. Investigation 
of the theoretical correctness of the Hiley type formulas was considered beyond | 
the scope of this paper. The 5 writer’s concern was with results. ~ Regarding 
load tests, the graphical results plotted in Fig. 1 1 and Fig. 2 are based | on the | 
values reported for the test loads. ; The tests were performed under a a variety 0 of 
engineers, and of Failure” 
points picked by various persons who doubtless rules for 
a interpreting these values. Data were not available to put all test results on a 
common b: basis, and no doubt if they had been some differences in results would 
have a appeared. Nevertheless, the results do ) represent: the general type of 
4 information now “obtained in the United States and, because. of the number of 
the tests, should give general trends for the various types of formulas, piles, and 
hammers. ; It is hoped that the use of accurate driving readings and load tests 
to failure will become universal, and that better data will be published a os 
become available for study. _ 
gg “Mr. Feld indicates the time yer in settlement and questions the accuracy. 
of load test results. _ This factor or has a.considerable effect. In tests performed 
by the w Titer, he endeavors to allow each increment of. load to come to rest 
_ without settlement for a day, thus s obtaining ¢ a more accurate load d settlement 
curve than is usual. Most of the tests ‘reported. were made by. others, however, 
_ and the time factor was frequently not reported. There are many rules in use 
for selecting the failure point for test. loads, giving quite a difference i in results. 
A number of such rules were published for comparative study i in 1946. ae 
_ o Mr. Feld and Mr. Pimm mention the distribution of resistance between end 
‘bearing a and surface friction. It is regretted that the methods commonly used 
in England for driving a mandrel in a shell arranged to drive the shell and tip 
_ together—or, alternately, to obtain total driving resistance and end resistance 
_ separately—are not yet in general 1 use in the United States, where very few 
contractors: are equipped to perform this this operation. 
writer read with interest Mr. Kafka’ Ss article’ proposing a driving 
formula containing terms for elastic losses. = With regard to the application of 
driving formulas to cohesive soils, however, it would seem that the 
_ elastic properties of such soils during ‘resistance to a a» dynamic blow might not 
be the same as the elastic properties present over a long time. If clay were 
like rubber, it would possess one set of definite elastic properties. Pile driving 
‘in cohesive soils, how ever, often meets with high re resistance to quick displace 
Be of the contained water, and also creates a zone of temporarily remolded f 
_ material ar and a layer of water around the pile that temporarily cannot be forced 
- into the ‘soil. _ This water forms a lubricating film next to the pile SO that 
neither the transfer of stress value between the pile and soil, nor the bearing 


Making and Interpreting Pile Load Tests, by Robert D D. ‘Chellis, Engineering N ‘ews-Record, June 
4 13, 1946, pp. 914-919. 


%**Die Theorie der Pfablgruendungen,” by R Richard F. Kafka, J. ‘Springer Berlin, 1912. 
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April, CHELLIS ON PILE CAPACITIES 

‘alee: of the soil, acting during the blow, are values that have a known wiletien 
ship 1 to the pile- bearing value. Both Mr. Kafka’ sf formula and the Hiley type 
of formulas have terms for elastic rebound of the § soil and thus. assign an ex- 
penditure of a proportion of the driving energy to the soil. _ This deduction from 
energy is desirable, but would seem to be more accurate in the case of cohesion-— 
less soils than in . the ¢ case of cohesive soils. | ‘There i is the further consideration, 
mentioned by Mr. F eld, that load tests of cohesive soils often indicate safe | 
values that prove ‘excessive in the actual | structures. It is to be supposed 
that indicated resistances would be subject to the 


consideration. 


— Mr Pimm suggests that the weight of ground | moved dow: nward by a vy a pile 
during driving be included in the term for pile weight in the formulas. - This 
condition probably occurs to some extent with all piles, but particularly with | 

H- piles »s for which the writer previously has advocated the inclusion of the w eight _ 
of soil between the flanges.!° This soil has elastic properties different from | 
those of the pile; but probably the modulus of elasticity, even if it were known, a 
is small relative to that of the pile, , and may be ignored if an elastic loss is 
computed. — When the value of rebound i is s measured i in | the field, this value i is 
taken into account. 


_ Mr. Pimm states that experience has shgwn that frictional resistance is a very 
capricious factor. The test results presented by Mr. Hartley illustrate this 
statement. Driving conditions| similar to. those given by Mr. Hartley have 
just been noted by the writer on a friction on pile Project o on the wet bank of the | 
Hudson River opposite New York City. 
Admiral Angas doubts that stresses in a pile during driving may be deter-_ 
mined with reasonable accuracy by the Hiley i formula. . Thew riter was able to 


observe the | driving « of 566 pine piles with varying tip diameters and ee 


“mula. At The small percentage of breakage was s reasonably constant for the: speci- 
fied minimum sets for the various tip diameters, as determined by computed 
stresses, rising quickly when the assumed limiting value of fiber stress was 
“exceeded. - This method of determining driving limits for wood p piles extending 
through water or soft material to short penetration in a bearing stratum has — 
_ been used by the ' writer on other projects and has allow ed d dri iving with practical . 
avoidance: of breakage. — 7 The piles with the larger tips can withstand hard 
- driving compared to those with smaller t tips, the problem being the determina- 
tion of the stress and avoidance of stresses ‘exceeding the yield point. ith 
this type of bearing and wood piles, it is the stress near the low er end that 
becomes critical, because of the small diameter at this point. _ eee 


_ The writer has also had opportunity to compute stresses in H- piles” ‘oo 


at the resistances giving a computed fiber to the: yield point. 
The writer’s experience agrees with the observations of Admiral Angas in 
the San Diego experiment, with heavier piles requiring smaller sets to reach 


—_— Handbook,” by Robert D. Chellis, Pitman Pub. Corp., New York, N. Y., 1944. 


 8“Field Determination of Damaging Stresses During Driving,” by Robert D. Chellis, Engineering — 
News-Record, May | 30, ‘1946, pp. 
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CHELLIS” ON. PILE CAPACITIES Discussions 


Nom method of computation of pile capacities, whether by dynamic formulas 


ori measurement or computation of stresses at various points in in the pile, would 


seem to be correct unless the same load- -carrying capacity were indicated for 
piles of the same dimensions regardless of weight and material of their compo- 


‘sition, when driven by the same hammer in the same soil to the e same tip 
elevations. ' The capacity. of the soil to support load would not seem to be 
affected by the material of which the pile is composed inside its bounding 
dimensions. 
a The writer — discussers of the paper, and hopes that much further 
material on t the correlation of driving and test results will be made available 


to the profession by others, s so > that more e final conclusions can ultimately be 
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‘A SIMPLIFIED | METHOD OF ANALYZING. 
ilable SUSPENSION BRIDGES 
ly be 


Diser ission 


q 


BY Hut- -SIEN Liu 


-Hur-Sten Liv. 6_Stresses i in suspension bridges under static load could = 
analy zed with accuracy after the deflection theory was introduced . Further 
effort has been aimed at two opposite ends: 
(1) Toe eliminate the a made i in se deflection theory fae a more 


accurate analy sis and 

— To make more approximations for the simplification of formulas used 
in practical design. The author i is to be ) OS in having achieved the 


latter end successfully. 


‘The’ author finds that the relation between the horizontal component of 
q cable stress and the length of an advancing load under extremely simplified 
conditions ¢ can be fitted by a sine curve ; then he concludes that the same ~— 
soidal relation holds for all online. | This i is expedient but not rigorou 

The magnitude of error inherent i in the tncioalies 3 thus derived is not ¢ establishe 4 
unless | results are compared with those produced by other accurate methods; 
and, in . particular, the author does not prove the applicability, of the > principle 

of superposition although he has repeatedly used _ 
To demonstrate this point)? 7 consider a general case se of loading such as 
4 \Fig.10. The load on the cable is s equal to the tension in the su suspenders which 
- consists of t two parts: The dead load, w, and the increment, s, created by the live | 
toad and | change of temperature. The deflection o of the cable i is usually con- 
sidered to be equal to the deflection of ‘the stiffening truss. — Consequently, the: 
tension corresponding to a given cable deflection, : n, ig defined as” 


‘Rew. —This paper by Ling-hi Tsien was published is in 1 September, 1948, Proceedings. Discussion o on 
4 


this paper has appeared in Proceedings, as follows: February, 1949, by Pedro B. J. Gravina, and G. 8. = 


Formerly Prof., Structural Eng., Tsinhua Univ. , Peiping, China. 


the Theory and Design of Suspension Bridges,”” by Hui-Sien Liu, Research Bulletin, 


4. 


i 
> 
‘ 
— 


“Discussioni April, 


ean be 
deflection Load on cable 
wee 
and 
(77) 
cia 
sla 
HE | slg aw 


Dead Load, 


Isolating the cable as a free body, thei increase » of strain energy i in n the cable 
Tes sulting from live load and temperature change, must be equal to the work | 


done ” the loads on the cable. Hence an equation of energy can an be written as 


L, 


Dead Load w, 


2/ 


* ( 


148) 


and thes minus sign =) for a in n temperature. 


To generalize, let the live load, P, be any kind of load w hich can be rep 3 


sented by a Fourier series as 


Kp sin 
mo 


— 
follows: 

7 

Hit +s loth, (w + dx 

+ mdz + wi +> ) 

\ 2] | 

— 

— 
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Then, by methods? 17 described elsewhere, | the following series for @ and s 
can be written 


BRIDGES 


2, Km — Bsi sin? mat 


I = Bu w+ a + 8) An sin 


~ In Eqs. 130 anc and 131, Bi is the ratio between the additional and the initial ho his 


sontal components of cable stress :? 


(1300) 


and yp is the “‘stiffening factor”’ of main | span, a a din stant adopted 
to denote the degree. of stiffening: 


ensionles ess ¢ 


i 


HS)... (1320) 


An expression, May for the stiffening factor of side s spans can be written as. 


q 
al 


; The integrals « on the 1 right-hand side of Eq. 128d can then be evaluated as” 


2 
2°The Stiffness of Suspension Bridges, ” by S. Timoshenko, Transactions, ASCE, Vol. 94, 1930, p. 377. 


| 
work. 
7 
28a) 
| 
— =F ndx | ——(1 + §)-9 yom Anwnsin——dr 
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—_ Ww riting similar expressions for the side sp span n integrals and substituting into B and 
the energy equation of the cable, a 
Ther 
diffe 
qual 
invo 
“not: 
‘is ai 
The se Phe series, represents the effect o of variations in the tension in  stre 
the suspenders. This effect is sufficiently small to be neglected in the deflection fall 
theory. 4 The ser series, P converges es rapidly—that i is, all terms m > 1 can , 
be omitted without sacrificing much accuracy. Therefore, 
1 
(1 42m ‘tre 
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SSUONS 


(1374) 


(138) 


138 8 demonstrates that { the | prineip' e of su superposition applies to for 
ons on s. The 
is a “constant, as shown by Ea. but, although and 
(134) ‘involve B they are small in compurison to unity and a wide variation of 6 does 
sai ‘not affect their values materially. . It follows that the principle of superposition 
is applicable, in _— in determining the horizontal component of cable 
stress for different load combinations. 


*F or ordinary bridges, 8 varies —— from zero for no live load to 1.0 g for 
full live load - A An average value of 8B = 0.59 can be assumed in Eqs . 137a and 
(1376 without. causing any serious ; error, thus producing the simple formulas: Zz 


ETH 


1+ 0.59 + 
N= 0.190 ++ (1890) 


The expression for K, Re , defined by Eq. 1295 can be determined easily for any 
loading. 7 Referring to Fig. 4, let k: be expressed as k’ land ka — k,as k yy For 


‘the general | case of uniform load shown i in Fig. 4 a 


(-», : cos a \ 


=gsin}m (k + 
Using kl to denote length of load and k’ 1 to denote position val load, Kn » for 7 
concentrated loads and special cases of uniform loading can | be readily deduced ’ 
from Eq. 140. It is evident from Eq. 129d that Kn for the combination of a 
number of loads is equal to the sum of the K-values for the individual loads. 
Once again, the applicability of the principle of superposition is demonstrated. 
al Application of the . general formula, Eq. 138, for H to the author’s ten cases 
of ‘loading results in a series of equations that can be compared with the author’s 
“formulas i in Table 1. Doing so, the writer found that only the discrepancies 
- for N, and S are significant. _ The more accurate of the two procedures remains 
to be tested by checking e each against the exact formula (Eq. 134) for various 
bridges. - However, the writer believes either set of formulas will yield results 
‘sufficiently accurate for ordinary design purposes. orton 


_ The author expresses the pina prong of stiffening trusses in - hyperbolic 


ctions (Part II). With: a table o f hyperbolic functions at hand, the 
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computation ‘Tequired by the author’ 8 method i is probably the least among _ 
the methods. — 7 With the simplified formulas for H, he is able to formulate the | 
— conditions of maximum values for different functions which are usually found 
=] by trial. These achievements, ¢ demonstrated i in the paper, will certainly facili 

4 tate the analysis considerably. _ However, the writer does not believe that it is. 
justifiable to determine the section of maximum moment and the loading for it 

_ simultaneously because the equations (see Eqs. 72 and 75) are not exact and 
- their solution is not simple. - It would be more simple and dependable to de 
termine the maximum moments at a few points near the ‘the quarter point and then 

acurve through them, 
The method of ‘trigonometrical series as applied to the functions of the 
stiffening tr truss has an 1 advantage over the deflection theory—that i is, the general 
nature of the formulas. A single formula can be written for a function at any 
section of stiffening truss for all cases of loading 7 Conditions of maximum can 


established in the method of trigonometrical series!” too. 


ie: the iaaeiaie discussion, conclusions can be drawn as follo ows: 


1, To derive the simple formulas for H, ‘the writer’ s suggestion of us sing the 
17 
trigonometric s series" is more general and rigorous. 


the in 1 trigonometrical s series s have the of g generality. 
sina Contrary to the general i impression of eng engineers, the siete of si mage 
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INDUSTRIAL WASTES 
A SYMPOSIUM 


Discussion 


al 


A. M. QUATTLEBAUM 


AX 


creasing z industrialization of the southern states the joan industrial al wastes 
is becoming more and more important to the peoples of every state, and the 
lawmakers of individual states are b ¢ increasingly conscious of "this i im-_ 


x Professor Bloodgood has presented the problem i in 1 a concise and interesting 


manner, and it is significant that conclusions 2, 3, and 4 of his paper have be been 


included in a bill ill proposed to the General Aesembly in South Carolina in. 


February, 1949. 
_ The General Assembly of 1948 created a committee of three members ers for 


the purpose of “investigating and determining the .e proper and effective use of 
the fresh water resources of the state.” 4 - This committee was composed of one 


‘Tepresentative of the state board of health, one representative of industry, and 


one ) representative of the South Carolina Wildlife Federation. In the letter of 

transmittal of a proposed bill to the General Assembly the committee stated 

that they had worked harmoniously together and as a result of the investiga- — 

tion had reached ‘unanimous agreement that the major factors to be considered — 

in the proper utilization of the state’s waters were: 


1. . The promotion and ms maintenance nce of public health; 


2. ~The conservation of the s state’ s ; valuable’ wild life resources; wet 


& ‘The development and maintenance of industries in the state. : 


Inthe investigation Sot — 
ing the major drainage areas. The total population discharging ewage: into 


these streams i is 1, ,208,000 witha sewage e population equivalent to 701,000. 7 The 
of the state a to 1 000. 
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This shows that at the present time e industrial v w wastes amount to ; approximate 


2. .3 times the domestic sewage. 


The proposed bill for the control of the waters of South Carolina create 
a control authority consisting of five ‘members— -namely, ‘one membe 
“from each of the following: | The Cotton Manufacturer’ Ss Association of Souti 
Carolina, the pulp paper industries, the South Carolina Wildlife Federation 


and the Association of South Carolina member | being 


the group). 

_ The authority is charged with the control of the Ww aters of the state and i 
instructed to > classify all rivers as to usage e and to establish the standards o 
purity to_ be maintained in all cases. It shall be allowed to classify certai: 
streams as industri ial streams and in such cases the industries S using said streams 
shall be ordered to take only such ‘precautions as : as are pertinent to the health of 
the public. _ From 1 this it can be seen that the authority is to have far-reaching 
powers and this section of the bill is certain to cause considerable debate. > 
_ The writer considers the bill as drawn to be far from perfect; howeve er, he 
does consider it very significant that persons of such diversified interests have 
worked harmoniously together and it is believed that ‘such cooperation could 
do much toward a better understanding and a more profitable solution to in- 


‘dustrial waste ‘problems everywhere. iad 
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THE, SIGNIFICANCE OF PORE ‘PRESSURE. 


IN HYDRAULIC STRUCTURES | 


‘Discussion 
By L. F. HARZA 


Harza, M. ASCE —The writer appreciates very much the sev eral 
iin to completeness. and clarity offered by the discussions, and also ; 
‘the revelation: that case not been in call 


Messrs. and have the fact the in n cement 


= he writer is indebted to Mr. Riegel for ‘calling 
to ) something the writer considered obvious, but which apparently was not—_ 
namely, that the ideal columns are everywhere (except where pores iefueragt) 
in intimate contact (or continuous) with adjacent cylinders so that stresses of 
shear, tension, and compression may be transmitted through these contacts 
without disturbing the structural integrity | of the concrete. — Of course, these 
cylinders are purely imaginary subdivisions of the material by imaginary 
lines and surfaces. Ms ‘They can have no more effect on its strength than can 
the imaginary meridians on the earth’s surface make it fall apart like sections “ 
an orange. ‘ Imaginary lines, for the purpose of discussion, obviously leave the 
“concrete ‘unchanged i in tensile, shear, or compressive strength. Similar failure 
> distinguish | between imaginary division of concrete into elementary units 
and actual physical dissection | appears to form the basis of Mr. _Meyer’s state 
ment that “* * * when the author applies his reasoning to concrete, he in- 


troduces a concrete ony in all tensile strength.” ‘There i is no-other aol 


planation for such an interpretation. Messrs. laleniy and Hill also are’ 


mek hig NO™- —This paper by L. F. Harza was published in the December, 1947, cicada Discussion on 
aper has — in ee as follows: June, 1948, a William P. Creager, J. 8. Kendrick, 


. Adele A. Meyer, Montford Fucik, A. C. R. Albery, and W. R. Nimmo; September, 1948, by John 
8. Cotton, Serge Leliavsky Bey, A. H. Davison, R. E. eo. Soka S. McNown, and V. T. Boughton; 
ny 1948, by Ross M. Riegel, and Douglas ‘McHenry; November, 1948, by F rederick L. Hotes, R. W. 

; x Carlson ‘and Raymond E. Davis, and W. G. Morrison; December, 1948, by Raymond A. Hill, and John V. 
Spielman; and February, 1949, by Paul E. Raes. 


om “Cons. Engr. and Pres., Harza Eng. Co., Chicago, Ill. 
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under a similar misapprehension that the writer, , in making the statement that #, eons 
 tifere are enough p pores in each small differential in elevation in the e concrete and b 
ss maass to form a full projected area of pores, actually moves these pores into one ary f 
: plane and thus destroys the ‘strength of the concrete. or (in the words of Mr. § the ex 
Hill): * concrete dam * composed of materials heavier than use of 
water cannot be supported entirely by water.” that 
~All these . gentlemen greatly flatter the + writer by endowing him with such | conta 
7 occult powers as to change the physical nature of concrete from w hat it actually sith 
is 3 by 1 mere . process of thoug ht; but the better conclusion is that the writer has area, | 
not made himself clear and that ‘more explanation is needed and perhaps from st 
Messrs. Riegel and McHenry assert that the. writer “seems to distrust ex- ad) 
ie - evidence” or that he has “objections to the experimental method.” § 7 p 
Nothing could be further from the truth. The writer is not antagonistic i. — 

experimental tests, but merely claims that they are only | corroborative, after the obvi 
has first developed a complete ie understanding of the phenomenon. plete 
im. The only exception taken to the Leliavsky tests was that, because of a thro} 
lieved inherent i inaccuracies in principle, they did not prove | that the uplift area he ai 
is not 100%. ~The McHenry tests® first ‘came to the writer’s attention in woul 
June, 1948, after publication of his paper, and obviously could not have been © 
anticipated and properly ‘ ‘welcomed” in the paper. These tests, however, by v 
ate n now most welcome indeed. “und 
_ Under the heading, “ ‘Experimental Evidence,” the writer gives Professor — = 
i Terzaghi full credit for the experimental determination of substantially 100% “pres 
uplift area reported in his paper? and expresses ‘surprise and regret that the a SI 
profession in the ten years that elapsed had ‘not generally accepted Professor min 
-Terzaghi’s conclusions. 7 Prior to the a appearance of the Terzaghi paper in 1936, #999 
ee writer himself had held the orthodox view that 100% uplift area could not pas 
be true because of the large | proportion of the the section th that must be in contact a 4 
‘tosupporttheload, pra 
The tests,” in. Professor Terizaghi was unable to compress a naked me 
- eylinder of concrete significantly by subjecting the liquid i in which it was sub- ec 
7 7 _ merged to very high pressure, were the beginning and inspiration of the writer’s pre 
paper in June, 1936, which was substantially completed 1 that year. In 1936 | pre 
+ _ the writer accepted the fact of practically 100% internal pressure area, equiv yar “Wo 
7  & lent to 100% uplift area, as thus demonstrated experimentally, and soughta §@ hy 
. " conception of the s structure of concrete which would explain this demonstrated Te 
- but ‘apparently anomalous fact. 7 The reason for a a proved fact can usually, ex 
: and should always, if possible, be visualized as | it aids in its acceptance and a 
Thus the hen and egg sequence in this case began with Pro- “ap 
_ . fessor Terzahgi’s research, and resulted in a theory in . explanation of his results. Boia 
The effect of Mr. McHenry’ s discussion is to deny the writer his is right to a de 
tests in support of his theory. The Terzaghi tests demonstrated, within 
- the limits of experimental accuracy, that the internal pressure in the pores of | D 
4#**The Effect of Uplift Pressure Upon the Shearing Strength of by Douglas McHenry, 

Transactions, 3d International Cong. on Large Dams, Stockholm, Sweden, 1948 (publication pending). — - 
____1**Simple Tests Determine Hydrostatic Uplift,’’ by Karl Terzaghi, Engineering News-Record, June 18, 4 


3 
; 


HARZA ON PORE PRESSURE 


a concrete cylinder was sufficient. to oppose the external pressure on n top 
and bottom. _ Thus, in order to resist exter ral com ssive forces it was neces- 

sary for the internal forces. opposing them to be exerted over the same area as. 
the external forces—that is, over 100% of the cross section. _ This justifies the 


use of the Terzaghi tests in support of the writer’s theory for it is the basis of 
that section the specimens, and no theory of ‘Minute 


area for transmitting ‘the load. 


“* has been shown that enough pores for a full projected area of pores occur 
in wana at very close intervals which, ud the revelation of Messrs. Carlson 


in any section or in any ‘smoothly u undulated surface. the Pores would 
obviously be staggered i in ‘position or elevation, and to incorporate such a com- 
plete pore section would ‘Tequire the surface to dodge vertically 1 up and down 
through solid material in an erratic manner. * That such a surface can logically 
ee assumed to exist cannot be questioned, | however; in fact, ed such sections 


by water pressure it was necessary that these many surfaces of 100% pores be 
under hydrostatic pressure, fully opposing es each other, and the external pressure 
—with only solid, poreless material, subject to . comparatively negligible « com- 
pressive st strain, intervening between the these surfaces. an Even with this s assumption 
i small compressive strain reflecting the modulus of elasticity of the solid 
mineral particles ¢ or gel would be expected to occur; and this may explain the 
He _ However, 99% is the same as 100% experimentally. and requires the 
~The Terzaghi experiments were conducted with high pressure and | therefore 
practically with uniform inter nal pressure. ‘However, if such a specimen were 
merely submerged i in . water w ith the top at the water surface (for simplicity), 
each of these numerous, internal, - 100% area s surfaces would | be ‘subjected toa 
‘pressure , equal to its depth of submergence, instead of the nearly uniform high 
pressure imposed by Professor T erzaghi; and the intervening solid material 
- would be in a buoyant state t to which the writer applies the term ‘ ‘internal - - 


buoyancy” a as a. _ This is a a logical, direct deduction from wad 


‘exerted upon an 1 immersed or ‘floating holy by a fluid. oe The definition deme 
not require that the force be exerted ‘only on | the » bottom. | In the present. 
application: it would be defined as “The internal upward force exerted upon 
an immersed body or portions thereof by a fluid’; “buoyant” would be 
defined as “subjected to the force of buoyancy.” 
Thus a submerged specimen of concrete resting on the bottom is not ee 
pendent a on the penetration of water | pressure | along the bottom contact to. 


Produce buoyancy of the specimen; such a specimen is fully ye sagt in its 


sidered to be applied elementary with a pore at the top. aa the 
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ON PORE PRESSURE Discussion 


‘ations or applied to the disk-like volumes between successive complete, 


projected areas of pores.#@ 


Messrs. Terzaghi? and McHenry* have proved within experimental accu- 
racy, that the ‘uplift é acts on 100% of the area and Mr. Leliavsky. in the writer's 
~ opinion, has not proved other erwise. Thus the reader is at liberty if he wishes 
to consider the writer’ 8 analysis as an explanation of a demonstrated fact 
(whieh i in truth was the sequence of its evolution) rather than as a deductive 


Then if he does not like this explanation he can seek another more | to 


writer is t end of a of thinking on 


wot was: vigorously denied by 


The second stage of evolution was to uplift over 
of the e area occupied by pores ina 2 plane: surface of intersection, , as in Fig. 34(b). 


‘Thus, if concrete contained 12% voids, uplift was conceded over only 12% of 
third stage | of evolution was to introduce a rough or undulating 
“surface, as in Fig. 34(c), and speculate upon the percentage of pore section that 


- could be incorporated i in such a surface. : This has soteulied in the now orthodox. 


_ (d) The writer’s thesis carries the evolution one stage further, as in Fig. 


‘4a Correction for Transactions: In Fig. 5, as published in December, 1947, Pretiasitaie, on p. 1514, the 
‘pore at the bottom of column B should be only the upper half of the circle. 7 ~ 


assumption of uplift of over one-half and two-thirds area. 
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April, 1949 HARZA ON PORE PRESSURE 
The only new question introduced by the writer is howt rough a a rough s surface 
is permitted to be in order to incorporate | additional pore area ea without in- 
validating the ey that uplift could be exerted in ~ pores of such a surface. 


wishes judgment it would be e determined? ‘The only limit, in the writer Ss opinion, 


fact would seem to be nature’s limit of roughness beyond which no more pore area 


uctive could be i incor porated i int the assumed surface. — It will be shown. that, if it is” 


ore to ‘rough enough, it can incorpofate > 100% of pore area as in Fig. 34(d). a 


ed by 


oo 


i 


14, the 


is platted | from Fig. 34(e), Ww hich shows the result of rolling 
seventy- -four-ball “Bingo” game ten times, stopping each time that thirty- 
sev en balls had been tuy ned and platting their numbers 5 represented by black — 
in the corresponding squares of cross section paper containing seventy- 
- four squares per line. _ ‘Thus, each line is hal half- filled with black dots indicating 

pores chosen by - chance, very crudely simulating, in two dimensions ; only, ; 


cement paste with 50% voids. 


‘ 

; a In Fig. 34(f) three lines | have been shown through approximately adjacent 
100% surfaces, the middle one being identical with Fig. 34(d). Starting from 
4 the median horizontal line there is platted in Fig. 34(d) the line of minimum — 


‘departure: from that line which will pick v up a full projected area of black squares 


or voids. - This procedure is adopted to show, with as little dependence on the 
how rough a rough surface might need to be to in- 
ea of p in cement. . To do | so, of course, re- 


imagination as possible, 
corporate 100% projecte 


aplete, 
(b) 
$$ 

34(b). 
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- quires the surface to dodge up and down through solid material ee een por 
- Although this surface appears very Tough, the actual dimensions are sim 


such ‘surfaces occur close proximity in and are 


‘pores and the theory of cylinders, Fig. 35 shows a 

concrete section with contact areas betw een particles of g great importance—not 

-microcontacts by « any means. This picture was made. by a friend as his ides 

of the ‘miscrostructure and without | know wledge . of its intended use. _ Ther efore, 

iti is fortuitous as far as the writer is concerned — The pore area is also much 


in than 50% of the total, as in cement, thus making the problem n more difficult. 


Fro. 35 
_ The big hurdle on nich is difficult to clear in in n understanding this theory) is is 


4 
4 


areas do not the It has previously 
been stated that a column erected through such a horizontal area of contact 


would eventually terminate in a pore at the top and the bottom and would thus — 


be equivalent to ab in Fig. 
Fig. 35(a) has been subdivided by projecting all horizontal areas of contact: 


7 ‘upward and downward | until they terminate in a pore at the top and the 
% bottom or reach the limits of the sketch. | The top of each such column is” 
marked A and the bottom, B. At t some places the limit of the sketch intr oduces- 


an uncertainty as to how ns a pore would be encountered if the sketch 1 were 
extended. Such points are marked A’ or B’ and in some places subdivi ision is 
not necessary. fact, it is only necessary where horizontal contacts occur. 
One column, marked DE, encounters three horizontal contacts and no pores t to 
the limits c of the ‘specimen; but it is reasonably assumed that, if the specimen 
4s extended further, pores would be encountered at the top and the bottom. 7 
_ 7 A careful study of Fig. 35(a) will show that the entire area has been, or can 
be, so subdivided that these horizontal contacts are absorbed, so to speak, 
and become a part of a column with top and bottom pore, and that the entire 


area, ignoring uncertainties around the » border, becomes a system of vertical 
4 cylinders or columns all in exactly the same position as column ab in Fig. 1, and 


therefore buoyant | if submerged and the pores filled with water under ‘pressure 4 


corresponding with the depth of each pi pore below the water surface. 
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More important , than the foregoing i is s the fact that th this pictured specimen is 
strong; it i is a solid in the sense that any cement mortar or concrete is solid; 
the horizontal contacts that support the load are still there and yet they do not 
inter fere with the buoyancy of the newly ‘conceived cylindrical units. This is 
what the writer as been “harping on”’ for twelve years without perhaps having 
_ previously presented as clear a picture to help the imagination. ee 
Likewise from the other standpoint of a full projected area of pores subject 
to buoyancy the writer has repeated Fig. 35(a) as Fig. 35(0) with the vertical 
“eslinders omitted and with a staggered line resembling Fig.  34(d), chosen so 
that all the horizontal or - sloping lines are within pores. _ Fig. 35(c) shows this 
staggered surface in detached position to indicate how closely it resembles the 


general form of Fig. 34(d). - The h horizontal and sloping lines are numbered to — 


‘correspond with their respective pores. 


In submerged concrete the elementary in Fig. 35(a), like ab in 
‘Big. ‘1, are subjected to buoyancy by reason of the difference in depth of the 


Gael and the bottom below the water surface; jor, if the 1 reader r prefers, t the "4 
35(c) may be considered as collectively because surface 
complete 100% projected area of voids§ 
To the foregoing argument some will sate ‘that Fig. 34(d), or Fig. 35(c), is 
an extreme and fantastic form of surface to assume. _ True enough, and it is 


easier, for the writer at least, 1 to visualize » the elementary cylinders; but it 


cannot easily be denied that such surfaces, incorporating complete projected 


= of pores, actually exist at frequent intervals in the mass. symbolically 


"represented by the three surfaces in Fig. 34(f). if they exist the designer has 
- aright to. consider what the ‘uplift force on such a surface would be. | It would 
_ obviously be the hydrostatic pressure over 100% of the projected area of the 


: : ‘Specimen, and the specimen above this surface is not floating on water and with- 
i ‘out strength. — Ina submerged body of concrete the weight of that part. above 


The conception, expressed by ‘several discussers, ‘acceptance of 100% 
- uplift area necessitates a weak concrete with no area left to support the load © 
2 even to the point of requiring a structure “floating on water” seems to be the 
difficult “hurdle” to pass in an understanding of this problem; but the reverse 
- is really the case as compared with other theories. Thus, the elementary 
cylinders visualized by the writer overlap each other with the pores at the top 
and the bottom of adjacent cylinders at different elevations and (substantially 
in the words of Mr. Riegel) are everywhere in intimate lateral contact with 
adjacent cylinders, permitting shear, tension, and co compression to be trans- 
“mitted through these contacts without disturbing the structural integrity of 

the concrete. (The word “cylinder” i is substituted advisedly for Mr. Riegel’s” 


ed term “prism” ’ because a cylinder i is defined by Webster as ‘‘A surface generated 

by a line m moving parallel to itself, ’ and i is therefore general, whereas a prism 
applies only to flat faces—a special case.) 

~s These lateral contact areas are not limited by the writer’ s theory and i 


constitute i in | magnitude a large pr proportion of the section of the s specimen. - In 
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HARZA ON PORE PRESSURE Discussions 

fact, the original | horizontal contact areas” Temain intact to support the load, 


Apri 

shea: 

— On the contrary, any theory based on “the | belief that the load must be that 

_ transmitted through minute points s of cc contact and that the surface of uplift i is as tl 


surface which passes almost entirely through microvoids must piece 
the 


necessarily assume a strength of these minute e contacts far beyond any known 


possible strength of mineral substance. _ Thus | an uplift a area of 99% on this indi 
_ theory 1 must assume that 1% of the area carries the load and that the strength, w ea! 
is of this contact is 100 times as great as the composite strength of concrete, mgt - gerc 


requiring for 4,000-lb concrete a strength of minute contact points of 400, 4 
lb per sqin. Even the 91% of water contact and 9% of solid rrpeyr by por 


Mr. Leliavsky would require a tensile : strength of mineral particles of 9X 4 000, beh 

-_ or 36,000 Ib, which is equal to the elastic limit of mild steel. hd ate one 
> By the writer’ . theory it is therefore quite 2 reasonable to believe i in ex: va of t 
100% uplift area, whereas by the older theory it is very difficult if not impossible - pro 

: to accept even 91%, and definitely impossible t to accept from 97% , to 99%, o of suc 
area. In fact, to be acceptable, these high areas of uplift require exactly the wri 
“same explanation, in the writer’s opinion, as 100%. 
_ Professor Raes tells the story beautifully when he ‘states: age 


needless to imagine threads of astounding tensile strength when ny ap- 
proaches unity and the — Nw = 1 is easily explained.’ 


“Under such conditions [the writer’s elementary cylinders ] it is evidently 
On the other hand, Mr. Leliavsky declares that the assumed surface must 


bea potential surface of rupture “ “which i is physically possible.” This v would if 
seem to be a very y reasonable condition to impose if actual rupture enters into mi 
4 the application | of the phenomenon t to a practical problem (which it does not, in th 
uplift or buoyancy problems in concrete). In general, the buoyant effect is less 
than the weight, at least in concrete, and the question of fracture on 1 such ¢ a sur- ‘th 
“3 evertheless, a assume that such a surface does fracture. A tension rupture te 

o— such a ragged surface as shown in Fig. 34(d) o or Fig. 35(c) i is conceivable only fe 
with ‘similar tensile stretch of the imagination, and a shear failure along: ti 
; ‘such a surface is inconceivable by any stretch of the imagination. 7 ‘It would i 
_ appear then that such a surface cannot satisfy \ Mr. Leliavsky’s criterion. ae) a 
Ifa an assumed failure section through the specimen were to cut across some — -¢ 
of these high peaks or low valleys in the 100% line (and it is logical to believe | 4 

‘ that even a . tension failure, and and certainly a shear failure, would do so), the uplift ; { 


- from { pore pt pressure on the resulting su surface would, by common acceptance, be ; 
4 effective over only that part of the area of the section composed < of pores. 
Reference to the McHenry test“ would seem to prove otherwise. These 
were triaxial shear tests from which the uplift area was determined to be 100% ¥ 
thin the limits of experimental accuracy. a These tests appear to be a very 
valuable contribution to the literature and it is unfortunate that they ated 
published in the United States where they could be more generally accessible 
better understood an and evaluated. 
_ Although the writer is not familiar in detail with the tests beyond ‘public 
information, 8 it is known that that they : are re designed | to determine the efféct on the 
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April, 1949 HARZA ON PORE PRESSURE 
shearing strength of concrete resulting from uniliiie pore pressure across" s the 
shearing surface obtained by nitrogen gas. One can be certain without i wr 
that these shear failures did not break along a surface of 100% pore area, such. 
as in In fa fact, one can be sure that poreless — 
the fracture was’ very much less than 100%; and yet the tests apparently | 
indicate that the pore pressure had the effect, in the Coulomb equation, of 7 
weakening the sp specimens in shear to the same extent, by reduction in | pressure 7 
across the surface of fracture, as would have been the case by pore pressure 
over 100% of the surface of fracture. . Apparently irregular surfaces of 100% | 
pore area, similar to those in Fig. 34(f), are so close together that the entire mass 
behaves under test merely like a lighter material as a w hole, and therefore | a5 
“one having 100% ‘uplift over the entire surface of fracture even though muc he ; 
of this fracture is through solid material. . Now that this has apparently been 
proved, it does not se seem strange, although the writer would not have ventured 


such prediction. . (Incidentally, this is an important concession the 


writer’s part to the value of research.) 


a Thus it. would appear that fracture follows the | weakest section including 
aggregate pieces, where such pieces are weaker without pores than the cement 
paste with approximately 50% pores; but evidently the surface determining 
— the effect of pore pressure on strength will be the surface incorporating the 
‘greatest pore area. _ Thus the two surfaces are determined by two different 


factors, one by physical weakness and one by pore area. Conerete therefore 


_ behave with reference to shear fracture, | when —" to pore pressure, as 
it would seem even 
‘more to do so under tensile The lier is greatly indebted to 
_ the Bureau of Reclamation and to Mr. McHenry for this proof. eal i 
_ One of the most common points raised i in opposition to the writer’s theory is 
that the concrete is too dense for the water pressure to penetrate except near 
_ the water surface. — Consider only horizontal joints which are known as likely 
to develop s seepage rapidly. . In his | paper the writer referred only briefly to the 
“fact (in the fourth paragraph following Eq. 12) that only joint pressure needs 
to be considered; but Mr. Fucik has shown more clearly in his discussion that 
‘it is “necessary only to consider joint seepage. = His discussion requires some 
amplification, Referring to Fig. 9(b), assume that the elementary — vertical 
‘eylinders extend from line AB to line DE (tw ;o successive construction joints), 
instead of extending only from pore to pore. _ The difference in pressure in the 
two joints is represented by line C’ B’ EF. — From D to B’ the difference in 
pressure head is constant and “equal to the height of the columns. s. From. 
- point B’ to point E the pressure in joint DE reduces to zero but so do the 
elementary columns which, in this section terminate in air at the face of the 
dam. - The difference in pressure is still equal to the height of these columns. 
:: ‘The prineiple of f buoy ancy | of columns i is still correct if each column ter minates 
‘in a pore or po pores in the construction joint at the top and bottom of a column. 
Since only Microscopic departure from the nominal sur face of the e construction 
‘joint is necessary to incorporate a full projected area of p pores, it would not seem 
‘questionable that pores close to ‘the joint will reflect the pressure en in 
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Discussion 


we 


in construction whereas it would be re to expect 
_ Furthermore, it is necessary to consider that. only one horizontal construe- 
tion joint is subject to seepage such as AB, Fig. 9(6), instead of two. * The j joint 
pressure at point A is h and at point B is zero. A straight-line reduction be 
_ tween points A and B obviously results in full uplift of the assumed triangular 
dam if the area over which the pressure is effective is 100%. 7 As before, it will 
= 100% on a rough surface incorporating a full projected area of pores. — aad 
5 Thus ‘one may assume the entire body of the concrete as s saturated, which is 
“equivalent | to assuming contiguous surfaces as in Fig. 34(f). On the other 

hand, one may assume elementary v vertical cylinders between these contiguous 
"surfaces, only the construction joints to be under pressure with like surfaces 
q perhaps 5 ft apart or only one such surface in one construction joint or the 
foundation contact. The net results are the same in 1 all cases—that i is, uplift 
equivalent to buoyancy of the concrete. The entire theory herein presented i is 
-hecessary to support the existence of 100% uplift at construction joints even if 


impervious | concrete between joints were to be conceded. 
Many of the points raised discus- 
believed to have been already 
_ answered herein, but a few remarks about 
individual discussions are in order 1 
_ will be made in the order of appearance eof 
- the discussions in Proceedings, and only 
when not previously answered. 
7 i It is orthodox in these days to assume, 
as Mr. Creager does, that: drainage near 
back of dam wil reduce the uplift. 
The rule he gives” is seemingly ly rational 
when considering any one horizontal sec- 
tion alone; but the important fact w which, 
deserves recording is that: the reduction 
a magnitude of uplift pressure, if it occurs 
| ‘Fra. eo at all at adjacent joints, does not neces- 
sarily reduce the uplift” force materially, 
‘if, at all. This is because uplift i is a differential force analogous to buoyancy, 


and the buoyancy of column ab , Fig. .. ‘would not be increased or decreased 
| 


Drainage line 


= 


by a difference in the depth of submergence. — 


‘Thus refer to Fig. 36, which is similar to Fig. 9(b), with similar triangles 
ABC and DEF representing uplift at two elevations in the dam, precisely as in 
- Fig. 9(0). _ It has been shown that the differential pressure between construc 
tion joints AB and DE is represented by the difference in the pressure lines 
CB and F FE and is constant and equal to the a rence in elevation of the sec: 


tions or an n uplift equal to full buoyancy. 

suppose that drainage wells were to be near the back of the 


line of wells while ren remaining g at full value at the back line of the dam as in lines’ 


_ CXB and and FYE, much as as recommended d by Mr. Mr. Creager. Li Lines XB ane and et 


gf dam which would tend to reduce’ each pressure to one- -half magnitude at the 
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many, devations AB and DE ‘would still be ua and. equal to their difference “od 
4 elevation; and therefore the lines indicate full buoyancy between the two eleva- 
struc tions AB and I DE to point B B’ directly under B. From point B’ to point E it 
would be one-half | buoyancy; but on 5-ft lifts this would be, perhaps, only 4 ft 
n bee of a thickness of dam of the general m magnitude up to 300 ft or 400 f ft and thus 


gular would negligible, disappearing entirely in considering only « differential 


The same conclusion applies for any other un uniform, proportional reduction 
ich is in uplift magnitude at two near-by elevations. Mr. Creager’ drainage 
othe & analysis, theoretically, applies only if no more than one constructi 


rock contact is under pressure. In order to accomplish its purpose, drainage 


faces” ‘would have to be increasingly effective with increasing depth. For example, 

r the assume that drainage were to prove totally ineffective a at ‘elevation AB, thus 
aplift” ‘maintaining the full static pressure line CB, and that it were to prove 0 one half 
edis § eflective at elevation DE, thus reducing the pressure diagram to FYE, Fig. 

enif | 36. Then the uplift diagram would be the area between line CB and line YE, 
a indicating | a reduction in buoyancy (uplift) near the back, where this result is 
scus- most needed, gradually i increasing | to full buoyancy near r the 1 face. _ Therefore, 

eady drainage se of the foundation, or drainage into the concrete near the base, is more 
bout elective than drainage for the entire height. Since drainage by) wells ac- 
and -complishes only partial relief, as in Fig. 36, its value, if any, is greatly over- 
ce of _ tated. To be fully effective, instead of wells, there should be a complete layer 
only of drained, porous material near the back of the dam which will drain all the 


on water entirely or there should be a sheet metal diaphragm to exclude it, as 
suggested by the writer in 1934. 2 The latter would preferably be a sheet 
near rolled in a dovetailed section like some roof or floor metal 1 now now available, and of 


lift. stainless § steel or of other similar r rust-resisting metal 
we Messrs. Kendrick (Fig. 12) and McNown (Fig. 23(a)) have both dw n 


sec. - nets for the simplified triangular dam with water at the apex, which the 


hich writer uses as the basis of analysis. 7 ‘These differ very greatly. i Since there 
tien ean be only one correct flow net, the writer would select that of Professor 
curs McNown, because Mr. Kendrick’s net does not satisfy the important boundary 
a, condition that the drop in velocity potential (piezometric head) between ad- 
lly, @ jacent lines of constant potential must be a constant. a The pressure is atmos- 
a 7 pheric: along the uppermost streamline, and therefore a constant increment in 
wad nN piezometric head can be obtained only if the increment of elevation is constant, 
-_ a condition satisfied only by Professor McNown. _ This also requires correction a 
des of the uplift diagram ABU, Fig. 12, which then becomes triangular. 

in _ Mr. Albery admits full uplift on horizontal surfaces such as in a gravity 


4 dom, but limits lateral pressure on vertical surfaces parallel to lines of seepage 
flow t to the percentage of porosity, say, 12%. a In the ideal dam, with all 


seepage proceeding at right angles to the axis, the writer would exclude it 


as the pressure on both of surface. Pro- 


_ ?Discussion by L. F. Harza of “Stability of =e Concrete Gravity Dams,’”’ by D. C. Henny, 
Transactions, ASCE, Vo Vol. |. 99, 1084, 1085. 
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_ the lines of flow is the effect described by the writer as the progressive applica. B iE 
tion of the water load through the structure instead of on only the back of the the I 
dam, each | decrement i in seepage representing an increment in load. to 
The writer cannot agree with: Mr. Albery’s Eq. 14 and maintains that Eq. 3 beco 

4 is the correct one for a bending moment about C due to ] pore pressure > at section pass 
BC.” However, it is not a complete solution of the bending moment about “fl the 
gince external and their moments about C would need to be included rubl 
when considering the part of the wing above line BC as a free body. This was exis 
introduced merely to illustrate one prominent instance of false conventional that 
The writer does not condemn | this ty type of dam; ‘in fact he considers it a a th 
very good on one. He believes that none of the precautions indicated by Mr disc 
Albery, | r the fears: expressed by Professor Ballester, are justified. The 
con 


writer once chad occasion to examine such a dam _ hearing completion. — The 


rapid external cooling had formed e: cracks pro the eylindrical surfaces of the 


very dangerous was corrected merely 
filling t the 1- -in. ' spaces. — it was found that any spreading force due to pressure 
in the cracks or pores was thus resisted against the : adjacent, buttress heads, an 


ample precaution, 


Mr. Cotton’s report of the condition of the Manchurian dam is very inter- 


7 esting and his deter mination, by flow 1 nets, of the s seepage and uplift condition - 
i. shows advanced thinking. T The condition of this dam is very instructive of 
5 _ especially as to the necessity of rigid field inspection during construction. Tt = 
- = reflects the result of that major engineering mistake of divided re | 
. . sponsibility, being designed perhaps | by competent it engineers who did not have ¥ fe 

Mr. Leliavsky’s artful treatment of the writer’s paper deserves s revelation a : 
_ 4 of its true significance. Asa history and textbook on engineering it would — . 
( qualify as | as covering the subject from Galileo to just p prior to the writer’ 8 paper. 7 


According to him n everything i in the paper is | wrong, basically erroneous, full of 
- flaws, not c clearly defined, neither standard nor rational, dependent upon un- 
orthodox stratagems, imaginative, confusing, uninformed, ete. To p prove | 
points he has subpoenaed as witnesses the great men of the past | back to Galileo 
and, for some reason, has even invoked the German language. Yet, after all: 
this colorful phrasing Mr. ‘Leliavsky, with very minor exceptions, reaches mi 
actly the same conclusions as those upon which the writer relies except those as_ 
=. to the nature of the uplift surface and the interpretation of his experiments. 
For example, in a Fig. . 19 and Eqs. 15, 16, and 18, he arrives: at precisely t the 
ager (except i in different ‘symbols a and w wor rds) as as does the writer from 


Fig. 5 and subsequent analysis, stating that: _ 


‘“* * * the effective weight of concrete above those elementary sche, 


ond hence those areas, in such intimate contact with an impervious founda- 

_ tion as to exclude water pressure [column A, Fig. 5, or Fig. 19(c)], is the 

full dry weight of concrete plus pore water, or the saturated weight of 
concrete, | whereas the effective weight above areas not in contact [column 

Big. 5, or (196) Ji is only the buoyant ant weight of concrete.” 
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However, by — itterent Ww vords, syn mbols, and he wo 


becomes buoyant « as it does i in ‘Fig. 19(b) if the surface ry y were a a rough one 4 
passing through the Ic lowest pore. In addition, he fails. to admit, ‘as shown by 
nok writer, that no w: water -exclusive contact ” hich w rould have to be on ‘glass, 4 
that the condition in Fig. (19(6) is therefore the only applic: able condition, | 
Eq. 19, although interesting, is only. of mathematical interest for it is based on | 
a theoretical assumption that cannot: exist in nature. Likewise most of the — 

4 discussion is concer ned with mathematical el: vboration of no bearing upon the 
points of controversy y and only tending to make a very simple problem 1 seem 
complicated and confused. 
Mr. Leliavsky deserves for pointing out ‘one fact not 
always | clear in the writer’s treatment of buoyancy. Although the writer is 
correct in stating th: it the effective weight is the buoyant weight of the con- 

-erete, y yet (as. Mr. Leliavsky points out) the volume of material above any 
datum to be made buoyant is not the gross volume but the volume reduced by 
voids or the: net displacement. This is correctly s stated i in Eq. 6, but frequent 
‘references to “full buoyancy” ‘must be interpreted as full buoyancy 0 of the solid 
material of the concrete, not of its gross volume. _ Thus, leu ft of concrete q 
with a dry weight of 152.5 Ib and 12% voids would have a buoyant weight, not — 

of 152.5 — 62.5 = 90 lb, but of 152.5 — 0.88 X 62.5 = 97.5lb, 

If Mr. L eliavsky w ere to concede the existence of, and the right t to consider, | 
a surface, n no matter how rough, incorporating a full projected area a of pores as 
in | Fig. 34(d), he would t thus exactly agree with the writer. — This i is the only 
‘ment between the two; since the writer has hereinbefore fully explained 
his viewpoint -and since Mr. Leliavsky depends on his experimental determina- 
tion of this area, it is next in order to examine these experiments, att : 

The Leliavsky tests® involved a. very clever principle (new to this problem) 

of graphically solving an equation containing t two unknowns, 2 and ny, by 
creating several simultaneous equations (for graphical solution) through the 

variation of the load N, Fig. 20. _ This principle is well described by reference 
to Mr. Leliavsky’ S paragraph preceding Eq. 22 and by reference to Fig. 20, 

= that p previous experimenters omitted the load N. : Herein lies the prin-- 
cipal r reason n (together | with the central | hole) why he was able to obtain much > 

"more consistent results than previous experimenters. ee 


These tests were conducted, very scientifically with utmost attention to 
every detail to secure a very high « degree of accuracy. As such, they care” 
precisely w hat they purport to be—namely, a vast improvement in technique ; 

“ove previous tests, almost if not quite to the degree of possible perfection as 


predicated upon upon the same basic assumption that p pore peemure 4 at mn, Fig. 20, 
causes the fracture. — Under these circumstances and with a feeling of admira- 
a - tion for the thorough experimental technique used by Mr. Leliavsky, it is with 


compared with vith Féppl, Woodward, Rudeloff, and Panzerbieter, but nevertheless 


= ee ‘Experiments on on Effective Uplift ‘Area in Gravity Dams,” by S . Leliav sky 404 in se Pressure. 
5 in and Beneath Dams: A Symposium,” Transactions, ASCE, Vol. 112, "1947, p. 485, Fig 
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Discussions 


idable to differ with the funda- 
mental conception uy upon which the tests of all the aforementic ned gentlemen 
were based and which was inherited by Mr. Leliavsky from his pr predecessors, 
‘Briefly, it is claimed very clearly i in his original paper*® that pore pressure 
at se ection mn breaks the s specimen and that, considered as a free body, above | 
t the surface of fracture mn, at the moment of failure, the only force acting in an 
ward direction i is the uplift force of the water pressure in the pores of the: 
ae ection mn, determined by the average hydrostatic pressure Dm » applied to an an 
a nknown proportion Nw of the geometrical area of the plane section A, —this 
value of ny to be determined by the . me 
value of n, to be determine y the experiment. his uplift foree i is opposed 
by the tension z in the specimen and by the s oum of all downward forces. PL 
principally mechanical, or (see Eq. (22) Mwy A, Pm =F +2. 
- Mr. Leliavsky states (necessarily inadvertently), in the paragraph preceding : 


=" 


* n, A, Dm is also the uplift force transmitted by the percolating 
water, through pore action, to the porous material in the top of the specimen | 
[seepage force above kk ] * 


46 


if ie om force acts both at mn and above kk, Eq. 22: would necessarily 
‘read =F + z. Mr. Leliavsky is not quite as clear and concise on 
; this odiakt in his discussion as he is in the original paper; 30 but it m must be assumed 
a that he still considers that the pore pressure at section mn breaks the : gage” 


_—otherwi ise there would be no relation between breaking strength and n,, 
- section: ‘mn which he claims to determine by the e experimental strength. 
Obviously this uplift force cannot act both at mn and above kk. 
- writer holds that there is absolutely no uplift force at t section mn, and the a 
uplift force is the’ seepage force above kk. 4 This need not have a any relation 


a the “superficial effective porosity” Ny at section mn. Iti is related 1 only to 


the mechanical strength of the specimen at mn. ~ Considering the : specimen 
above 1 mn as a free body there can be no force r resulting from pore pressure 
except ‘as, and where, a differential pressure occurs—that is, above kk. 
-poreless bar of metal, or any other tension tie between kk and LL of the same 
4 tensile le strength a as the concrete specimen at mi mn, could be substituted for the 
specimen. If an imaginary ‘material of the same cross section as the specimen, _ 
_ without pores | but of the same tensile strength, could be substituted for the 
“ specimen (just far enough below line kk to permit entrance of sufficient water 
- for upw ard seepage), the specimen would fail, nevertheless, at section mn 
, through : solid ‘Poreless: material if that ‘proved to be the weakest point i in the 
‘specimen in in mechanical tension.’ Thus the pressure in the pores at mn has 
— nothing to do with the failure, and the failure data have no relation to (and 
cannot therefore be used to determine) the porosity characteristics: of the 
surface of failuremm, 
ged The following has partly | been stated by the writer in the main paper just 
prior to Eq. \. 8: Pore pressure is 3 uniform: (in a vertical direction) between LL 
and kk (actually not quite true near kk, but sufficiently so for this purpose). | 
- Neither stresses nor st strains can exist as the result of uniform pore pressure in 
any specimen; the c condition between LL and kk is eealay « as if the spe speci- 
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the specimen between sections LL and kk, therefore, is s the result of of tension ap- 7 
‘plied above section kk, as if applied by a a mechanical tension testing machine 
[i attached to the specimen above kk. The total amount of tension thus applied 

ssors. 
eutns ‘is the measure of the strength of the specimen when subjected to high hydro- 
how: ‘static p pressure seeping radially toward the central drainage hole. it has no 
eae other significance and is not necessarily indicative of the strength of the con- 
f the crete specimen in nair. Theo only force of local or origin tending to cause elongatio | 
0 meld of the specimen between sections LL and kk is that resulting from Poisson’ s 
“this tatio for the radially : acting compressive force of the external water pressure 

on the cylinder. - (The latter was plainly implied to be of no importance 
ot although Mr. ‘Leliavsky magnifies | this into a major point. ) It It exists only in — 
ice the event of, and to the extent of, any difference between external water | 
d wat th tral hol 
io pressure and water pressure in the central hole. 


Leliavsky apparently a agrees with these basic principles (as witness the 


fifth Paragraph after Eq. 25, and also the pre pressure diagram to the left of Fig. 
ting 


postion that as by seepage forces above kk (Eq. 22), is 
to m» at section mn is necessarily predicated ‘upon assumption. _ The loads 
can “measure only the forces that cause failure. The true equation 
to Eq. 8) should b be 


The “upward seepage force” not a of at any one point, 


nor relation to mn and little, if any, tokk. Itis difficult to visualize the exact 
q physical significance of ny as determined by these tests. It would appear to be 
‘a composite of the conditions existing from kk to the top of the specimen. it 
might imply the average effective proportion of area over which seepage forces 
~ act from kk upward but would not accurately reveal even that value because of 
‘inherent faults in apparatus and interpretation. _ For example, the flow lines 
“necessarily bend sharply around the corner at k and the distribution of flow 
_ tends to crowd to the outer surface at first; and then, as the seepage pro- 
-gresses s upward, t the distribution tends to become uniform over the entire cross” 
section, whereas, the | assumption by Mr. Leliavsky,?° in evaluating this distri- 
bution, is that it decreases radially on a logarithmic « curve from the applied — 
| ‘pressure , at the outside to the reduced pressure at the central hole. This is. 


true at mn, but nowhere is it true at or above kk, and this is further evidence 


- that the rupture i is considered by Mr. Leliavsky to be the result of pore pressure 
at mn n. If the central tubular metal lining of the hole were to extend well below 
kk, it would seem to result in nearly uniform distribution at kk, equal to 
applied Pressure, before the water begins to seep upward. | Thus, the afore- 
- mentioned ‘sources of error might be nearly eliminated, permitting uniform 


distribution to be assumed regardless of the initial difference between outside — 
central pr pressures. 


ad It is the writer’s opini that seepage forces also act over 100% of the area, 


as in the case of uplift neem and as discussed with a reference to Figs. 3 and 


-: 4, but the aforementioned sources of error would be sufficient to obscure this 
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Another very important observation must not be overlooked; perhaps it is 
the most important of all. _ The tests are shown to measure seepage forces an( 

these are horizontal (or nearly | so) ina a dam (Fig. 23(a)), greeting uplift forces 
ins a dam are normal to seepage f forces and would not be revealed by these tests. 

For all the foregoing reasons the writer claims that the Leliavsky tests are 
incorrect in principle and do not disprove or weaken the 100% theory in » any 

respect, 

Mr. Leliavsky does concede one, and only one one, “acceptable conclusion” 
(that. the pressure against a dam is exerted peeqnenivey along the route of 
seepage) ; but he claims this to be an old story. — This i is quite possibly true but 


‘it was new to the writer. It has been promulgated by the writer since 1936 


when this paper was prepared. 
Mr. Davison, in Fig. 22, predicated his analysis on the basis of a os 
grade line dropping more steeply than a straight line to tailwater and thus con- 
~ upward. ' This is in very radical disagreement with Professor MeN ‘ow ns 
Fig. 23(a). The latter is believed to be more scientifically supported and the 


= Bo) wo flow net for a triangular dam. — The difference with respect to Fig. 


23(a) would not be great \ when considering : a dam with a normal top width. 
Fig. 23(b) is also believed to be a better picture of seepage through a rectangular 
~The writer does not believe that the compaction of sand, for no normal loading, 
; materially influences the permeability | coefficient, K, as claimed; it certainly 
would not affect rock or conerete permeability. He j is indebted to Professor 
McNown for correct seepage patterns in triangular rectangular dams” 
a (Fig. 23), as well as for r clearing up a number r of other theoretical view al view points, an and 
‘eliminating Fig. 9(c) as incorrect for a triangular dam. a a 
vu Mr. . Boughton’ s forceful discussion would make the writer wince if it were 
not at fault. —idIf he will refer to Fig. 9(b) and additional discussion by the 
: writer in this closure he will note that full static pressure is not claimed to 
exist a at the exposed face. The pressure r reduces to zero” at the face, which 1 is 
not inconsistent with the fact that the face ap appears dry—nor i is it inconsistent 
: with the fact that the height of the column to be made buoyant by internal 
pressure also reduces to 2 zero along with the pressure. Furthermore, only 
_ pressure, in the horizontal construction joints, is needed to support the writer's 
theory. As to the weight o of water i in the pores, adding instead of subtracting 
from the weight, he is referred to columu B, Fig. 5 and related analysis™* = 
lowing Eq. 4. This i is also confirmed by Mr. Leliavsky’s Fig. 19(b) and Eq. 
There is no reversal point as claimed, and there could no not be, except 
applying : a vacuum to the face. . Reendon internal pressure all the way to 
- the face to keep seepage “moving and this pressure is commonly assumed to 
- reduce along a straight line as in Fig. 9(b), at least in the construction joints. 
Mr. Boughton misquotes the writer (by partial omission - regarding in- 
- ternal pressure) as saying that —*) * pressure seldom exists ‘except near the 
upstream face’ * * *.” The correct quotation is that * * theoretical 
ressure {meaning full straight line pressure as in Fig. 9(6)] probably seldom 
xists, except near the upstream surface 
”" Mr. Boughton i is referred to Professor McNown’s Fig. 23(a) which shows 
tha t seepage lines are  theore’ tically “horizontal in in a dam instead of 
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eannot be true because some area of contact—no matter how -small—must 


being “quite steep” as he claims. Moreover, contrary to his statement, the 
porosity has nothing to do with maintaining ‘ ‘such a line of saturation.” The 
flow net for : any homogeneous material in an earth or concrete dam of any | cross 
section that obeys Boyle’s law (and all granular materials substantially do) 
is identical for an identical shape of section no matter how porous it n may be. 
All that the porosity does is to determine the quantity of seepage; it does not 


fix the steepness of the saturation line, or any ¢ other geometrical characteristics | 
of the flow net. 


The writer has now where made the claim contained in in Mr. Boughton’s | ’s last 
part agraph except a as to the word “illogical. ” He does not maintain that ex- 
isting design practice » is necessarily unsafe but that it is illogical. He has 
listed mitigating circumstances to explain why d dams thus } designed have > proved 
safe, and more could be added; but there is no reason why engineers should 
- persist i in one error just because there > are” other errors that may compensate. 
The right policy is to correct all errors, not just those with respect to uplift. 
In reference to Mr. McHenry’s discussion, ‘ the writer cannot visualize any 
relation between either loose concrete cylinders, or chairs piled one on top of of — 
7 one another, and the e problems under discussion. fan 
Mr. Hotes admits an uplift area of substantially 100% but claims exactly 
100% to t be phy: sically impossible. — He raises the old argument that 100% 


remain to support the load, as quoted by the writer on the first page of his 
_ paper, and the refutation of which forms the one and only basic point of this 
entire paper. _ Obviously the writer’s efforts have been wasted if he cannot 

4 get this one idea across to one of scientific mind. _ Practically, it does °s not matter 


whether the uplift a acts s over 100%, 99%, 97%, 0 or even 91%, but, a: as a matter of 
it does. Mr Hotes i is again referred to Fig. 3 and the related 


_ Ina a volume ‘made up of cylinders as thus depicted, the uplift area is is exactly a 
and yet the contact areas are large. The ‘student needs to exert 
stretch of the imagination to be convinced of the strength of this mass in 
tension, compression, 0 or shear. No theory of microcontacts requiring tensile : 
stresses of from 36,000 Ib per sq in. to 400, 000 Ib per sq in. has to be invented 


to explain the large uplift area. ‘The mass does not need to float on water, @ as 
indicated by Mr. Hill. 


‘The writer is is indebted ‘to Messrs. Carlson and. Davis | for pointing out: the 4 


small size of pores as ‘compared with common conception concerning them. 

The experiments at the University of in Berkeley, are inter-— 


erete | the hydration process absorbs initial seepage, and after a few years the 
pressure becomes zero a few feet from the entrance. It is puzzling, however, 
to note that in specimen | 1, even after seven years, when the | pressure reads 
zero from distances of 2 ft to 8 ft, there is still a steep gradient from the en- 


trance to point 1.5 ft. The anomaly is that this gradient cannot exist with- 


out flow. 
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of to have been made at Zanesville, Ohio, during the construction of several dams — a Cl 
the Muskingum Valley. With a dry discharge surface these specimens 


Discussions 
refused to pass any water, but, when kept wet or submerged at the outlet en end, 
seepage resulted. results apparently are related to the Berkeley 
tests. If capillary pressure resists or prevents seepage, then its effect might 
respond to rain or dry ‘weather and also differentiate the ‘part below tailw: ater 
from that above tailwater. This is a subject upon which the writer has no no 
- _ opinion; and it is not within the scope of this paper. It would make an ex- 
“cellent ‘subject for field study. The apparent impervious character of these 
specimens, of course, has no bearing on the problem of seepage through joints 
Regarding the last paragraphs of the Carlson-Davis discussion referring to 
rg , the reader is again referred to Fig. 36 and related discussion showing a 


that drainage i is not necessarily effective. 
— If the writer understands the Morrison discussion co correctly ‘uplift is con- 
Be to be equivalent to any other foundation reaction and is not a source 

of instability. — This i is true, of course, of Mr. _ Morrison’ s basement floor slab, 
provided that wd downwa ard load exceeds the e upward load. R.2. matters not 


_ where horizontal loading is involved. P The shearing or sliding resistance is not 
function of the total reaction including uplift as indicated | by Mr. Morrison, 


but is a function only of the mechanical pressure, grain to grain, of conerete . 


upon the foundation ‘material. _ Uplift certainly reduces this pressure, and 


_ therefore the resistance to horizontal movement. The theory presented is a 


dangerous ome, 


Nothing in in the writer ’s theory, ‘stated or remotely implied, Large the 
weight of criticism in the first paragraph of Mr. Hill’ ’s discussion. . The 
_writer’s theory certainly « does not require any weight to be ‘supported e1 entirely 
by water, and yet Mr. Hill, in his sixth and seventh paragraphs, permits load 

to be carried by water in lieu of Particle- to-particle contact of concrete, a very 
_ dangerous and incorrect theory and a direct reversal of the attitude expressed 


well as and Mr. Hill, n 

buoyancy is very real real; a eine ‘Sponge sinks because ‘the ‘individual fibers are “7. 
heavier than water—a ver} 
In the second paragraph. of his Mr. makes an interpre- 
tation directly contrary to the writer’ Ss statements. Also, he joins other dis- 

cussers in criticizing the words ‘ “internal buoyancy.” “7 In no place does the 
criticism seem to be applicable to the principle, but only to the words adopted 
to describe it. The writer considers the words to be accurately descriptive. 

It merely pean that the buoyant force is , applied in voids and not entirely on 
_ the underside of the submerged b body as is so often considered. . 
Mr. Spielman states: 


“Tf the porous, with interconnected pores, it would not displace 
its gross volume but only the volume of impervious matter, assuming, 0 
Fae that sufficient time is allowed for the full penetration of the uid 
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e foregoing is is a perfect. definition of | ‘internal buoyancy” and shows that 
Mr. Spielman agrees exactly with the writer on this subject, except as to term-— 
inology; and he agrees exactly with Eq. 6 which is one of the most fundamenta a 
points of the e1 entire paper. However, when Mr. Spielman declares, after Eq. 
39b, “N ow, because the voids are filled, the effective area of uplift is (al — n)A, 
which is something less than 100%’ ” he- makes an unwarranted deduction. 
What he should state, to convey his true meaning (and also that of his state- ] 
ments following Eq. . 40) is that, if the | submerged object is to be considered as a 
whole using its gross volume and ignoring its porosity of 12% and ignoring he 
uplift exerted in the pores, ;, then the uplift should be applied to only 88% « of the 
bottom area to a? & applicable to net displacement and thus compensate 


‘internal is applicable only | to. net solids and ‘requires no su such 
principle of compensating errors. 
= Professor Raes is also confused by the term “internal buoyancy,” is although 
he seems to confirm the phenomenon. Assume that the porous object in Fig. 
35(a) replaces t the solid object in ‘Fig. 4. . Then a vertical element as ab w will 


intersect the p pores. The buoyancy of the c object as represented by the § sum al 
= 


between with total over-all of a to b including pores. Each of 
these pores will be under pressure corresponding to its depth below the water 
surface and each part of the element ab will be individually buoyant: because 
the pore pressure on the bottom will be greater than on the top. The buoyancy 
of the object as a whole then becomes the sum of the buoyancy of Fall the 
short vertical cylindrical elements. No one has suggested a a better name than 
“internal buoyancy” to describe this situation. It is accurately and perfectly 
descriptive of what takes place. All the » buoyant force is not applied at the 
bottom, but internally—hence the term. The usual conception of buoyancy 
‘is that all all the uplift force must be applied at the bottom, \ which is correct for 
a poreless solid or a ship’s hull, etc; but in the case of a ‘porous submerged 
object it is obviously applied throughout the mass, if the pores are large 
‘enough, and if enough time _elapses for the pressure to penetrate the pores. 
These conditions, of course, are assumed to exist. a 
Admittedly, internal buoyancy is the same as buoyancy of the gross volume 
“with the bottom area multiplied by ( —n); but in establishing a principle it 
is not enough to define something that is merely equivalent. * _ 
Professor Raes seems to object principally on the grounds that the Aires 
- treated by the writer is not the surface of rupture. ‘That this thesis is not con- 
- cerned with the surface of separation or rupture has already been amply demon- © 
strated. ‘The weight of that part of the body above the rough surface, in Fig. 
M@ or r Fig. 35(c), is ; reduced by buoyancy, and, unless the specific application 
_ Tequires and anticipates failure (which it seldom, if ever, does i in uplift ‘prob- 
- , then this surface is immaterial. — Moreover, it esenne te to have been shown 
by the McHenry tests that failure, even in shear, is influenced by uplift over — 
100% of the area, although not along the surface conceived by the writer. 
Some @ would lead one to believe that modern. dams are practically 
impervious even at horizontal construction joints ~ That is di is debatable, but it is 
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not the question ur under debate in ‘this paper. If true, why i is uplift still con- and t 
: sidered? : Allowance for uplift is still a part of design technique i in even the most [§ entire 
modern engineering agencies, usually assumed to act over two thirds, or like uplift 
proportion, of the area. The theme of this p paper is : that it acts over 100% of to be 
the area. Any discussion of other matters is extraneous to the purpose of x T 
i The writer was once employed on a new | face, about 2 ft thick, on ‘ this | 
gravity dam the surface of which was badly disintegrated. The new slab was | He t 
certain to be much less | pervious than the old concrete; and, although this new @ tion- 
7 7 work was anchored back into the dam with sufficient bars to resist the entire reset 
Btatie pressure, it was nevertheless desirable tc to drain known seepage through awal 
this new slab to prevent. the building up of serious” pressure. behind it. ‘The hom 
dam faced south and in daytime, with the surface moisture subject to evapora- -esca 
tion, the surface of the dam seemed dry except in a few isolated places. To _ suet 
7 locate the areas of slow se seepage it w was necessary to inspect the face in the peony ~ sim 
ing shortly after daylight. Many more seeping areas were then visible, | ine sun 
cluding | construction joints. 

_ This situation is confirmed by Professor Ballester in connection with the Jj its 
driving of a tunnel into Dique San Roque in Cérdoba, A Argentina. ap tha 
parently dry face as the result of evapo. 
val 
“suc 
technique such as in n low -water-cement rat ratio, aggregate mixtures requiring less ad 
cement, low heat cement, cooling of aggregates and water, use of ice, circulating it 
cooling pipes, thorough cleaning by air and water of construction joints be [th 
tween pours, and grouting of contact: areas; but the answer i is that, even with - 
this: technique, bad contacts occur and consideration of ‘uplift has not been | su 
abandoned. . Therefore, the the theory of be on correct and 
lo 
realisticbasis. on 
By common practice lif lifts are about | 5 ft thick. One lift i is allowed to cool —@ 
. from three days to five days before being covered with the next lift. Ini one of | 
the most modernly constructed dams the writer observed frequent hair cracks 6 

on the s surfaces of each lift. before receiving the next, indicating 
‘The new lift is thus placed on top of a surface already partly cured, cooled, and —e 
shrunk. The t new lift will tend to exert a ‘Shear str stress at co contacts that will re- | é 
quire strong restraint to prevent creeping. —_ The writer was told that actual \ 
lifting and opening of hair cracks around the edges of a pour at the construction A 
joints had been observed at this dam due to warping of the new pour by more yr 


rapid — of the surface, much as a board curls up at the edges lying flat in 
the sun. _ The movement was very small and would substantially close again; . 
- but nethden it indicates the possibilities of imperfect ; contact. The only | 
logical course to follow by those who claim that uplift can now be prevented is 
for them to show the courage of their convictions and omit it f from consideration 
n dam design. of no one degree of courage 


The writer knows of no one who has this | 
_***Past Experience with High Dams,” plicks A. J. J. Wiley, in in “High D Dams: A Symposium.” Transactions , 


ASCE, Vol. 95, 1931, p. 134, 


3 
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ll con. and the writer, is not one of those ready to. concede omissions of uplift, "The 


most entire theory herein presented is necessary to support the existence of 100 % 
or like HF uplift at construction joints even if impervious concrete between joints wer were 
0% of & to be conceded. 
of The writer makes no pretense of having all the problems of dams. 
a His central theme i is merely that uplift acts over 100% of the area. . To prove 
wi this point it is not 1 necessary to attack all the other numerous illusive problems. 
b was @ He has therefore adopted for illustration the most common orthodox assump- 
S new tion—that the magnitude of internal pressure in pores or joints varies from 
entire reservoir pressure at the back to zero or tailwater pressure at the face—w ell 
rough aware that this assumption is subject to modification. He also” assumed a 
The homogeneous dam without cracks or joints v where all water seeks the face to 
pora- escape (for example, the flow net in Fig. 23(a)). The writer is well aware that | 
. To such a perfect | condition does not exist in practice but the assumption aids and 
norn- simplifies theoretical treatment. Adoption of these and other orthodox as- 
e, ine sumptions is not to be interpreted as endorsement but merely the — 
a of controversy not pertinent to the central theme of the | paper and not within ~ 
h the its proper sc scope. _ (However, these assumptions se seem to have increased cater 
n ape than avoided controversy. ) For the same reason it does not seem within the 
> and proper scope to reply to all points brought out in discussions which « are irrele- 
uota- & vant to this central theme even though the writer was himself guilty o of some | 
lding nm There are many puzzling problems regarding dams. W hen "water was: 
x less admitted against the Norris Dam of the Tennessee Valley Authority (TVA), 
uting it deflected upstream against | the water pressure instead of downstr eam. | Was: 
3 be- this due to deformation of the reservoir bottom by the added water load, o or to 
with cooling of the back of the dam by water while the face remained exposed to the 
been J sun? Let the reader answer. a4 Also, Mr. Riegel has shown“ from observations 
istic: on TVA dams that delayed central cooling apparently partly relieves | central 
ona #@ loading and transfers it toward heel and toe. This appears to be one of the 
«most significant facts to come to light in recent years and m may go o far toward 
cool Bsc the apparent stability of sections considered deficient. The Carlson- 


e sof Davis discussion might imply that very great capillary forces exist in a dam 


reks capable of exerting a major influence in its behavior. 
age. — Likewise there is reason to believe that temperature, cooling, Shrinkage, q 


and = deformation of dam and foundation, plus the foregoing enumerated 


effects, may even outweigh in importance the forces, stresses, and strains from 
water load, uplift, and foundation reactions which are the only o1 ones ones considered 
rthodox design practice. 
‘The fact is that very | little is known, scientifically, ak about the dude of 
gravity dams and the e engineer ’s in practical rule-of-thumb methods 
is based largely upon the good behavior of dams thus designed. ~ Little by 
little, one problem at a time may be fully studied and better understood until 
the art. may become a science. a ‘The writer can only hope that he has con- 


tributed to a better understanding of one of the perplexing problems. _ - 


- ““Structural Features of Hydraulic Structures,” by Ross M. Riegel in ‘‘Design Dev ea 
a of the Tennessee Valley Authority: A Symposium,” Transactions, ASCE, Vol. 111, 1946 p. 1159 
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_ EXPANSION JOINT PRACTICE IN HIGHWAY 


“CONSTRUCTION 


Conwat1,* M. ASCE.— profession is the 
author for compiling and presenting fi field test data on this highly important © 
“subject. . Likewise the Public Roads: Administration and the participating — ok 
- state highw ay departments are to be commended for the well conducted and in 
‘successful series of of tests which have done so much to remove the behavior of ; -. 
concrete. pavements from the realm of ‘speculation to the field of knowledge. 


_ The writer would like to enter a minor objection to the use of the term 


“4ncompressible” i ‘in connection with foreign material that enters joints and 
prevents the closures required to take up the pavement expansion. ‘Since all 

known materials are comprensibte to some degree, the substitution of ‘ ‘material 

of low compressibility” is recommended for ‘ ‘incompressible material.” 
_ The tests show that, after the initial expansion and contraction, the so- t 

called contraction joints behave as both expansion and contraction joints. 7 t 

Thus, the e expression ‘ “contraction. joints” is a misnomer. | Despite considerable 


a 7” thought, the writer has been unable to produce ; a term that would be more 
“descriptive of the action. : This point may be one of challenge to the profession, : 
» particularly to those members engaged in highway construction who can, un- 
4 doubtedly, develop an excellent t terminology y from tl their picturesque ' vocabulary. 7 


_ Norte.—This paper by A. A. Anderson was published in September, 1948, Proceedings. Discussion 
on this paper has appeared in Proceedings, as follows: December, 1948, by Frank H. Gardner; and March, re 
1949, by K. B. Woods, and J. Knoerle. 
Gen. Eng. and Design Dept., ‘Light Co. Pittsburgh, Pa. 


— 
= 
= 
er: 
— 
— 


— 


Founded November 5, 1852 


ISSIONS. 


— 


E RELATION 0 OF URBAN EXPRESSWAYS TO 
MASS TRANSPORTATION FACILITIES 


Discussion 


— 


By ELMER F "STEIGELMAN, AND HAROLD M. ‘LEwIs” 


F. STEIGELMAN, 2 Assoc. ASCE.—Anyone who drives a car will 
agree ee with Mr. Bradfield when he states (see “Tntroduction’’), it is” 
obvious to everyone that traffic conditions i in metropolitan areas have become 
intolerable and some remedy must be found. ” It might be added that a - 
more intolerable the condition the more drastic the remedy would have | to be. 
paper presents the problem precisely, and is timely 
‘Having hotels, stores, theaters, and rated in a ‘downtown 


area of a city is an advantage of ‘modern living and decentralization of these 


7 centralized downtown area, that people will come to this area in their own cars 
_ instead | of using public transportation, and that this traffic, together with other 
traffic, creates an intolerable traffic condition. : The writer would like to con- 


tribute the following discussion on this condition as it ee the downtown 


i ‘The en suggests that relief for mass transportation could be be obtained 
by” removing it from the surface of the street to either subways or elevated 
- stvwctures. _ However, this procedure is quite expensive and a better one would 
be to prohibit entirely tl the use of the dow ntown area streets by private cars. 

Traffic in a downtown area is composed of private ears, trucks, and public 
conveyances (street cars and buses). mos these, trucks are necessary to bring 
7 goods to stores during business hours; public conveyances are necessary for 
people without cars. Thus, the obvious group to eliminate, and one which 


would relieve the situation considerably, would be the private car. 
a . To compensate for the prohibition of private cars and to obviate dl 

“Recessity of constructing expensive circumferential expressways around the 

- business district, public garages should be erected at the fringe of the district. 

in sufficient number and size to accommodate the cars that would normally — 

park on the streets in the business a _These garages should be — 


Nors.— —This paper by Curtis G. 
Cons. Engr., Berkeley, Calif. — 
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“STEIGELMAN ‘ON URBAN EXPRESSW WAYS: 


ivate cars the 


“However, a ‘competent, planning ‘organization 
es location and number of the ¢ garages for maximum a efficiency. Et | privs ate. 
_ financing and construction of the garages could be guaranteed, cities. would be 
relieved of additional strain on their finances. © s. Certainly, the cost of the gar-— 
ages would not add up to the cost of subways and circumferential expressways, 
3. the business district is so large that walking from the perimeter 
_Barages would not be convenient, an integrated, circulating, low fare trans- 
portation system within the downtown area should be provided. 7 To be at- 
tractive to the public these units ‘should be spaced not more than $y min apart 
and the fare should be a appr proximately 5¢. . There would be no transfer privileges i 
to or from this system. . Thus, | a person would park his car in a perimeter 


garage and if his destination were not w within walking distance, he would use 


the circulating transp ortation 8 system, or a taxi, to reach it. 


A public ¢ garage system has an advantage over the s subway ‘program in that 


it could be financed privately whereas the subway would probably r require bond 4 
issues. | Time required to ‘secure relief would be shorter for a garage system 
for a subway or elevated railway program. By eliminating private cars 


from the _ downtown | area more safety for pedestrians would be obtained and 


accidents to vehicles might be a on 


_ Harowp M. Lewis,? M. ASCE —Although expressways were first developed 
as $ approaches to cities through , suburban areas, it is is now recognized that ; they 
pres extend into urban areas. 7 Mr. Bradfield a accepts this, but states (under 

4 the heading, “Relief for ‘Intercity ' Traffic”) that they should be used only for. 

“Gntercity and cross- -the- city traffic” and that ‘ ‘local traffic,” ’ which should be 

- : reduced in quantity by greater provision and use of mass transportation, can be 
handled on ordinary city streets with the the aid of improved regulation (see 

“Relief for Local Traffic”), 

The writer agrees t that expressways are justified only in loe ‘ations where they 
_ be of use to through traffic, but believes that the inner sections of such 

utes should be so designed that they can also take care of intracity | traffic 
whic ch is moving either to or from the downtown areas or from one side of the 
city to another. Ina a small city such intracity may travel only hall 4 

Ape or more _ along the expr expressw. ay, w hereas in a large city it will travel on the 

7 § expressway for at least 2 or 3 miles. _ Thus, the express route can be used to its 

7 Mention should be made, also, of the opportunity for still greater use of ex- 
oe pressways through 1 their joint use by private cars and mass transit vehicles in 
- the f form of buses operated over the main 1 roadw ways or of rail facilities located i In 
a: part of the e right of way reserved for that purpose. — - Such a treatment of a 


a considerable part of the proposed expressway system in fee Angeles, Calif., was 


Cons. Engr. and City Planner, New York, N.Y. 
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April URBAN EXPRESSWAYS 
proposed ata “transportation clinic” held in that city in December, 1945;4 Head 
the Hollywood Skene was designed to accommodate buses, with special turn- turn- 
outs at which they can pick up and discharge passengers. OS a 
- The writer : agrees that the use of private automobiles in central areas should - 
be discouraged, but would include three : additional steps to the provision of 
“adequate: mass transpor tation” as part of the municipal action necessary to 
implement such — a program. — These are: The elimination of the free use of 
downtown streets for transient it parking, the s substitution of a limited curb side 
space for short time . parking controlled by parking meters, and supplementary 
off-street parking facilities. — The last of these may be provided i in retail centers 
of small municipalities as free municipal parking lots; in other cases they should 
be operated on a fee basis. In very large cities some form of municipal subsidy © 
may be required to bring the fees within the range of what the driver is willing to 
_— Although | some planners have suggested that the modern city should _ 
crisscrossed by a network of expressways, the writer agrees with the author that 
‘such schemes are visionary and impractical and that most of the arterial net- 7 


works of cities in the United States will | continue to be su surface level streets. 


The e3 expressway system within urban areas eas will not. often. ednaguid more than one 
loop, or circumferential, 1 
an inner and an outer loop may he desirable. If planned far. enough i in n advance 
most of the outer route can be of limited access type, , constructed at grade w a 
depression o or elevation only a at connecting thoroughfares. 

In many cities the expressway system need be only a single route in the 
ates of prevailing traffic, or two intersecting routes where traffic is heavy in 
directions. In each case it sl through be city y along the edge. of the 
downtown ar reas 
central area, For in the ‘New York (N.Y region the Mid-Manhat- 

tan Expressway shown on the New Y ork City master plan is needed to pr provide ; 
for heavy traffic between the New Jersey” and the Long Island, New ‘York, 


sections of the region. 


“6s As cities increase in size, hens percentage of people entering downtown areas oll 


by private car decreases— 

vided. _ Experience has shown that when cities continue to grow without. com- 
prehensive planning | both types of facilities become unsatisfactory because of 
overcrowding and delays, or both. G Good mass transpor tation has the e advantages 
of cheapness, efficiency of street use in the case of surface tr ansit, and speed in 
the case of subw ays. : The private automobile has the advantages of comfort 
and convenience. ‘The solution of the congestion problem in the downtown 
areas is not simply to ban the private car in such areas and to attempt to shift 
the entire load to mass transit lines. — There must be a balanced transportation 
system i in which both private cars and mass transportation have a place. 
The stagnation of street movement in central areas has resulted from three 


‘main factors: 


2 ‘City « of Los Angeles—Recommended Program for Improvement of Transportation and Traffic 

a Facilities in the Metropolitan Area,’”’ by De Leuw, Cather and Co., Harold M. Lewis, and Joe R. Ong, Los 

Angeles, Calif, December, 1945.0 

2: ‘Express Highway Planning in - | Areas,”’ by Joseph Barnett, Transactions, ASCE, Vol. 


19 
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LEWIS ON URBAN EXPRESSW AYS 


over the bulk of buildings fronting on the and that laid out 
new arterial routes without giving thought to where the cars they wie in will 


go or park i in the downtown area; 


- (2) Laxity of municipal | authorities in permitting downtown s streets to be 
used as free storage space for long” time parkers, either through failure to 
impose restrictions or through inability or unwillingness to enforce restrictions 


imposed; and 


(3), Failure of both public and private transit companies to modernize and 
up to date their mass transit. facilities. 


‘If large cities will stop ‘providing king space for transients and st sub- 


stitute fee parking, economic forces will help to bring about a solution. ‘Such | 
fee parking can be provided through 1 meters for short time parking, where curb: 
side spa space can be set aside for r such use, and through off-street parking i in lots o or 
garages for | long time parking. | Most 0 of the workers previously driving into the 
area and parking all day will hen have to shift entirely to mass transit lines or 
drive only to convenient outlying transfer poirits. ~The few who ean afford 
to pay for downtown 1 off-street parking can continue to drive ein. This arrange- 


tik 
ment should leave room on the streets for the salesmen, visitors, executives, and — 
shoppers who will, either necessity or continue to come by 


i 
of residences in ‘areas has been a 


trend for several decades and when it involves a shift to planned areas it is. 
beneficial. On the other hand, centralization of many types of business activ- 
ities has distinct advantages, : and cities cannot afford to let their established 
business centers become choked and blighted by inaccessibility. . At the same 
time cities should plan: for some recentralization of business i in subcenters rather 
than permit overbuilding in a single’ center, 
In attempting to prove t that mass transportation will keep patrons coming, 
to ) downtown : stores because | (under the heading, “Relief for Mass -Transporta-_ 
- tion’’) “cities with the most centralization have the most extensive mass trans- 
_ portation | systems, ” the author may be putting the cart before ‘the horse. 
W ould it not be more logical to say ‘that cities w hich have developed mass trans- 
portation systems have thereby made possible great centralization? This 
sult has certainly been true | in New York City, which extended its rapid transit 
system into unbuilt areas, , thereby attracting a vast resident population to 
- those areas: and greatly increasing the congestion in the downtown business 
areas where all the rapid transit lines focused. 
mi _ The author’s proposed cycle of downtown traffic restrictions, increased 2: 
é patronage, subway extension, additional outlying bus transportation, and sO 
on, , seems to offer hope « of a more efficient transportation system, but its effec- 
tiveness will depend ¢ on how these facilities are planned. * ‘If the new transit lines 
a a continue to focus on the old downtown center, there is danger of establishing 8 
vicious cycle of new transit lines, bordering residential development, , demand f for 
an additional parallel transit lines, additional bordering development, and so on— 
all leading to and congestion in the downtown ares. 
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CHARLES P, EAGER, AND ROBERT LENON | 


paper is 


in the current activity in scope 


of the engineering technique (which, « of course, is of paramount importance in a 
paper of this nature) apparently covers the subject. 7 Only where the author 
touches upon matters pertaining tol United States mining laws 3 and to the Bureau 


of Land Management practice do a few questionable points a arise. Oo 


adequate discovery of mineral within the boundaries of 
claim, whether it be lode or placer, is prerequisite to valid location. - Therefore 


the specification t under ‘ pes of Mineral Claim” that 

the discovery {upon placer] must ber not just a discovery ry of 

“eral, as with the lode claim, but it must he a ne “ commercial de- 


_ appears to be, at least, an unauthentic differentiation—based, no doubt, on a 
singular court decision. 


The statement in the sar same section of the ‘paper, as to: o: * an over- all 
‘length of 2 miles or 3 miles being not uncommon for a 160-acre gulch placer _ 
probably applies | to the earlier official mineral surveys. It is a fact that the - 
rule enunciated i in the mining regulations fixing a limitation on the length ofa 
placer claim will not be applied where the mineral deposits are confined within 
a narrow strip 0 of land in the bed and on the banks of a small stream in a A canyon» 
flanked by abrupt walls or rocky slopes ¢ on each s side, ‘containing no n mineral, 
agricultural, or timber value. a However, the matter of whether a placer loca- 


tion conforms sufficiently to Tequirements is a a question of fact for determination 


pub domain: into long narrow strips | or grossly irregular and fantastically 


shaped tracts.!7 


_ Norz.—This paper by Arthur J. McNair was published in November, 1948, Proceedings. a 


Cadastral Engr. Bureau of Land Management, Region U.. 8. Dept. the Interior, 
Glendale, Calif. 


“Land Decisions,” U. 8. Gove. Printing Office, Washington, D , Vol. 53, 1933, 
Vol. 37 1900, p. 250. 
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EAGER ON MINERAL SURVEYS 


mes Act of Congress of May 10, 1872, the regulation‘ which, as Professor 


McNair states under the heading, “Location Surveys ys for Lode ‘Claims,’ still 


- prevails in 1948, apparer ntly did not specify that a lode location— —other thana 
lode within a placer!’&— could not be less than 25 ft on each side of ‘the lode line. 
‘Section 2320 of the Revised Statutes states: “nor ‘shall any claim be 
limited by any mining regulation to less eel five feet on each side of of 


the ‘The of wy at the surface.” 


that, in the and of placer 
“tracts as small as 2} acres” (as s stated under the heading, “Location Surveys for J abe 
‘Placer Claims”) would be recognized and treated as subdivisions.! 


“Rules and regulations of the Bureau of Land Management very definitely the 

do not require that the boundaries of a placer located by le legal subdivisions be _— 

- staked because, to stake a “placer i in this m manner, a survey obviously \ would d 
le 
In In preparing a 1g a location certificate fora a . placer t that is to be officially survey ed def 

for patent, it also is very important to include the name of the claim.” Under “a 
the mining laws of certain states (which are supplemental to those of the United ; 
States), this feature is mandatory (Public Resources Code of California, Section » 

Also, the possessory right toa mining claim is taxable in some states 
—as, for example, in California. (Section 3617 of the California Political Code. lod 


efin es ‘ ‘right | to the possession of of land” ’ as real estate (see People versus Scherer, 
30 Californi 64 
In pe perusing the section on ‘Patent Surveys,” especially the ope opening and 
closing paragraphs, and the ‘statement following the subtitle, “Field Notes, 
an uninformed reader quite probably would infer that an application for an te 

official mineral s survey is tantamount to a patent application. - However, these | in 
are two separate and distinct procedures. T he application for a survey is 


| 


‘merely a preliminary : action, addressed tot the Public Survey Office, for the no’ 

_ _ purpose of obtaining an official description « of the claim. — After ‘the approval | dif 
; of the. survey by the Public Survey Office, there is no limited period (if ever) thi 
- : during which the mineral claimant may make the actual application to the - 
of 


a Mineral land is not “the only type of pe domain patentable in the 
‘United States,” as stated under ‘ “Conclusion.” Disposals are currently being 
_ ma made through the Bureau of Land Management i in n practically all classifications 


permitted under the public land laws. 


Act of May 10, 1872, Section 1 10; Statutes of the United States, Sections 2329, 


District Land Office for a patent to the property. 


2330, and 2331; 30 United States Code, Sections 
ma 18 Revised Statutes of the U United § States, Section 2333, U. 8. Govt. t. Printing ~_ Washington, D. C., 


20 Circular No. 1278, Bureau of Land Management, U. S. Govt. Printing Office, Washington, D. Cc. 


“Code of Federal Regulations,” U. S. Govt. . Printing Office, C., 1940, Pt. 185.1 4, 
title 43. 


2 2 Circular No. ‘127, California Div. of Mines, State Printing Office, Sacramento, Calif., 1944. 


19 Decisions,” U. S. Govt. Printing Office, Washingien, D. C., Vol. 34, 1906, p. p. 260. 
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LENON ON MINERAL ‘SURVEYS 


ROBERT LENON. commenting upon Professor McNair’s 
paper, it might be well to note, that, although the writer has held a commission a 
as mineral surveyor since 1932 except during World War II, his experience has" 
been limited to Arizona and ¢ consequently this discussion will be based on | such, 
Under the heading, ‘ ‘Location Surveys for Lode Claims,” MeMeir 
mentions that “* * * since 1920 the majority of an surveys has been made 
and the descriptions have been written by e1 engineers. ” Such is not the c case in- 
Arizona; the writer, for example, has made ver y few such surveys i in the course | 
of almost 20 years of practice, and it is quite unusual to find location pene 
on record with bearings any more specific than “westerly, southeasterly, etc.” 
iv. Professor McNair mentions the nece essity for “bending” | claims to keep all 
the vein within limits (“Types of Mineral Claims: Lode Claim”). A fairly 

common case‘is that in which a bend in the outcrop is caused solely by the © 
topography, the vein itself being as straight as possible. — For example, con- 
sider the case of a rather flat-lying vein striking across a flat, and up @ hill. 
Where the slopes c of the hill and of the vein intersect (on the outcrop), a definite 
deflection will be apparent on the horizontal projection, increasing as t as the hill 


steepens or as the dip flattens. 


: | It is not the p t policy of of the Land Office’ to require side-center monu- 
ments to be set, in Arizona, or to be mentioned in the field notes, although end- 


center ~~, (or their ¢ counterparts at each end of the lode line w hen the 
lode does not cut the end line exactly at its center) must be set. _ 


= Although he k has 1 not seen the law in writing, it is the writer’s understanding 


that, Arizona, ‘a mill site’ may ‘not be preempted or patented contiguous to. 


Although the length of the 1e may not excec exceed 1,500 ft, the s side 
may be longer—in fact, up to a length of almost 1,530 ft. "The latter is possible 
in the case of a keystone-shaped ¢ claim with a 4 500-ft lode line, with one end 
line 600 ft long and the other, say, 10 ft long. 7 "However, triangular claims are : 
not allowable, no doubt because of the ensuing extralateral rights which require 
‘differentiation between side lines and end lines not possible with a figure of 


~ 


In the case of lode claims, no limit is placed, by Arizona laws, on the number 7 


of claims an n individual m may hold, although each mining Sumaganns may enact such 


limitations. 


-20-acre claim, whereas an association hold 20 acres. individual 
within the organization. oa - Although the laws on this matter are rather vague 
“and incomplete, they have been interpreted to mean that « an eight-man n group, — 
for example, ean hold 160 acres of placer ground either as s eight 20-acre claims 


oras one 160-acre claim. | 


oa Professor MeNair mentions't the or of a a level rod in n his survey outfit, 


but does not state how it might be useful during the actual prosecution of the 
“survey aside from its ob obvious use as a stadia rod for a rough check of taped o or 


= mammal 7 The writer’s s party y carries a rod quite frequently as an 


Mining Engr., Mineral ‘Surveyor, G General Land d Office, Ariz. 
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LENON ON MINERAL SURVEYS: Discussions 

_ adjunct to the work of claim surveying for. patents. Iti is useful for “spotting” 
less important | workings, buildings, and roads. - In the frequent cases where 3 a 
wide canyon is spanned by a long tape it is quite handy to note the position of 
the. center of the gulch by stadia with sufficient : accuracy for the purpose, ., and 
such improvements as roads and pipe: lines may be readily | located by traversing 
by stadia from convenient points (not “necessarily corners) along any of the 
traverse lines being taped. As in other such work, it is well to tie in both ends 
of such a traverse rather than to leave it with no position check | on.the far end. 
Professor McNair does not mention that mineral ; surveyors s are precluded, 
by Land Office ruling, from acting, directly or indirectly, as attorneys for the 
claimants | seeking patents. Many claimants believe that the mineral surveyor 
‘is the p person to aid them in filling out their requests for surve ey orders and other 
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INTEGRAT ING THE EQUATION Of OF 
NONUNIFORM FLOW 


Discussion 


PHILip Z. KIRPICH, AND PAUL Hopcrs 


Assoc. M. ASCE. by the au author, A. 
‘Bakhmeteff, Hon. M. ASCE, first devised an integration method, applicable 
to all shapes of channel, for the determination of nonuniform or varied flow 
profiles. As further expressed by Mr. ‘Von ‘Seggern (see “Introduction”: 


“The Bakhmeteff method, however, evaluates only a part of the integral 7 
thus making it necessary to to apply a a factor or a series 3 of factors to account 


Although these factors are by no means arbitrary, their determination n requires" 
further computation and plotting The author has successfully eliminated 


much of this la labor by: 


(a) chart for: ‘the: exponent n; and 


(0) Introducing an exponential factor m and developing tables for two new 


-s functions, designated Y and Z, in which m and n are parameters. _ 


The se same purpose can be achieved by retaining Professor Bakhmeteff’s 
"procedure and developing | charts for the exponent 1 n and d the critical slope o."° 
Although the factors given in these charts are for rectangular a and trapezoidal 
shapes only, values can be determined for circular, parabolic, or or other shapes. 


From F ig. 10 it is seen! that nis a function of y/b only and can be read more 
directly than in Fig. 2. The critical slope is also easily obtained Fig. “ll 
“except that, in 1 this case, it is necessary to divide by the factor | bi 7 
in which n is the Manning coefficient. — With the exponent n and o known n, fil 
integration is readily performed using Professor _Bakhmeteff’ s varied flow 
unction tables 
Norr.—This paper by M. E. Von Seggern was published i in January, 1949, 
*Hydr. Engr., Knappen Tippetts Abbett Eng. Co., York, N. Y. 
5 '°*‘Dimensionless Constants for Hydraulic Elements of Open-Channel Cross- Sections,” by Phillip Z. 
Kirpich, Civil Engineering, October, 1948, p. 47. —— 
¥., 1082, pp. of Open Channels,” by Boris A. Bakhmeteff, McGraw-Hill Book Co., Ine., New York, 
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_RIRPICH ‘NONUNIFORM FLOW 
— 


As applied to Example 1 of the pap paper, er, first co compute Ky = —— 
= 59.4; then bt = 59.4" X 254 = 10, Values of n and sclecta 


a Fig. 10, are as follows: 


‘Station 2 2. «6. 730.27 65 


Do 
Values of oKy 


. 
¥ 
= 


=hydraulic exponent. 
=critical slope 
—n= =Manning's s roughness 


Values 
= 
‘Then a quantity B(n) is obtained from Professor Bakhmeteff’s varied flow 
% unction tables using an average value of the exponent n as a parameter, and 
=n With these definitions and with an average value of 
i 3.7 (taken to the nearest tenth), ‘the competetion is completed : as 5 follows: 


1.668 1.55 


—which checks: the author’s result with in 2%. 


partly caused by the different n-v. n-value used—3. 7 instead of 3, 6. 


— | gg 0.0060 0.07 0.98 
62 0.0056 (0.07 
; and 7 
: 1g ee te 
; 
| 


~~ 0.025 choose the method with which he i is familiar, unless some other method possesses 
selected ‘marked advantages. Mr. Von Seggern has, in fact, developed a procedure 


rag the of reducing the labor in computing 1 


| April, 1949 HODGES ON NONUNIFORM FLOW 
_ 1.486 In cases: where procedures are avail ilable, the engineer 


cedure described in tile discussion tend to neg this advantage—thet is, 

‘the factors in Fig. 10 are used in conjunction with Professor Bakhmeteft’s 

B varied flow function tables, the > advantage claimed by the author’s method is’ 

largely lost. At the same time it is unnecessary, using the alternative sugges- 

7 In Example 2, the author used the average V values of 3.4 for m, me 3.6 for n 


tion presented herewith, to become familiar with two additional functions. : 
in 1 computing the total « distance of the surface | curve. To indicate the relative _ 


(designated Y and Z) and to acquire tables of these functions. . oe 
PauL M ASCE —T he integration of the equation 1 pf n non-— 
uniform flow by Mr. Von Seggern is is a valuable a toward a n more | 
definite know ledge of different flow problems. _ Eqs. 11 and 13, together w ith 
Figs. 1 and 2 and the — of Y-functions and Z-functions, make possible the 


ng slopes. The solution ‘of the greatly the 
value of the paper and makes it a very useful reference. Because of the curva- 
ture of the lines in Figs. 1 and 2, the values of the hydraulic exponents, m and n, 


tend to increase with an increase in depth y. y. 


| effect of changes in m and n, the writer recomputed Example 2 by individual — 
reaches, using the values of m and n as determined for each reach, as shown 


3.—ReEsuLTs or Compurations ror EXaMPLe 2, APPLYING Eq. 


8 


low 
of n _ The difference in total distance of the surface curve as computed my the ry 
lows: two integration methods amounts to only 2 32%. 
Ar The computation of the surface curve by the ordinar y step method requires 


ie small steps to obtain close —s with the integration method. 


Office, 


— 

— 
‘ 

om 

1.46 
ta! ce curve would be required to find the distances that would agree a 
7s 


approximately with the integration method, such detail 


ie computations would be long and w would require considerable time. 


_ A comparison of the results obtained by the integration method a and by 
~~ methods with 0.5-ft steps and 1-ft steps is given in Table 4 OO a 
TABLE 4.—Comparison oF INTEGRATION AND Step Metuops For Examp te 2 
= ‘an or L (in Fert) 
Five reaches 10. 10.38 10. 59 10.79 
Step Method; Depths Increased by Stepsof:| 


‘The application of the integration method to natural streams would be 


very. difficult because of the varying cross section and slopes usually encoun 
7 : tered. ¥ In their present form, Eqs. 11 and 13, could not be applied to channels" 4 . 

= ; with horizontal bottom grade. The integration of the equation for nonuniform P 
- flow and the computations , of the Y-functions and the Z-functions are important 
advances in the development of the science of f hydraulics. 


insert 


4 


before the integral in n Eq. 23. 
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‘CITIES -CANNOT LIVE WITHOUT TRUCK CK 


Discussion 


By HAROLD M. LEwIs| 


Harowp M. Lewis,’ M. ASCE. he timeliness of this paper lies in the fact 

‘that it stresses the importance of truck traffic to urban areas, and the i impor- 

neil tance of so handling such traffic that i it may move expeditiously w without ham- 
enw pering the other uses of city streets. . Any prosperous city must have healthy © 
tant industrial and business areas, and these require intensive | truck services. As the 
author states, this requisite calls for not only s sound street planning, but also the 
design o of buildings and industrial areas for the motor ‘age, with facilities for. 
off-street loading and unloading. Although, to some extent, such facilities ¢ can be 
required under municipal ordinances , adequate provision will in part remain 
dependent on the architects who design the structures, the engineers and city 

- planners who lay out the street system, and the executives of business an of Sonam and 
be industrial concerns whose cooperation is essential. — 


Truck Versus Passenger Car Traffic. —There i is a wide variation in the per- 


in regard to the highway, but in n regard to the: time of day, day of the week and 
season of the 2 year. On arterial routes the number of trucks will ordinarily com- 
prise from 5% to 25% of the total vehicles; on some of the bridges in a 
this value On the crossings operated by the Port 


centage of trucks to total vehicles on highways i in the United | States—not —% 


find plenty. of rom when of the passenger cars had been diverted to 


of traveling at it speeds s comparable ta to those of passenger cars. . Looking forward i in 
1927 to the need for better routes for trucks, the Engineering Division of the 


Regional Plan of New York (N. Y.) and Its Environs stated that, in addition to 


the restriction of certain rou’ 


net  Norz.—This paper by Hoy Stevens was published in December, 1948, Proceedings. ~~ 


= 
INEERS > 
nd by 
Park 
— 
. In the 1920’s, when the modern parkway systems were being developed, eet 
: stress was laid on the need of express routes for passenger cars. It was assumed oe : Eee 
Aare Ant hae aalxvad +h mntramant truelke many f which ara no na nah age 
es to passenger venicies, Was propvabdie that. 


Apr 


a “* * * there will eventually have to iia highways | which are intended for } mus 


_—* only, and which passenger vehicles would either naturally avoid or que 


from: which they | would be excluded. Loa 
Sad access Nite ential for all types of traffic provide equal and 
facilities for trucks and passenger cars. The writer believes that most of the § will 


= to be built in the future will be of this type. However, they should hea 


be supplemented by parkways through st suburban sections of metropolitan : areas. req 
and along scenic routes. _ Perhaps, some day, certain highways will be reserved “reg 


during the weekdays, 
Compulsory Off-Street Loading —The provision of off-street loading and ¥ 


unloading facilities not only should be Tequired i in new buildings exceeding a OD cas 


specified minimum floor area designed o or used for such purposes—manufactur- 
offices, hotels, etc.—as require service by large n numbers of trucks, but also 
ST 


= 


should be made retroactive for buildings of the same types. Such retroactive 


highways outside central business districts municipalities, through their 

- police powers, may ‘require substantial setbacks for industrial buildings as well 

- 7 as the provision of adequate loading and unloading sp spaces which, in most cases, — 
“can then be provided i in the open spaces on the lot. Oo ae 

aa The writer agrees with the author that there is — for better designed 

industrial districts served by streets on one level rather than for elaborate — 

oe _ systems of two- level streets. Nevertheless, i in some of the older intensively 

ae developed districts it m may be necessary to. provide two levels, as has been done 

on Wacker Drive and part of Michigan Avenue i in Chicago, ‘Ill, and on ods 
west side of Manhattan in New York City, with | an elevated highway for 

passenger vehicles 
Formulas is for Off-Street L Loading and Unloading Areas.—Any formula for an 


off-street loading and unloading area incorporated in a municipal ordinance 


provisions were recommended in 1942 by the Regional Plan Association, Incor- z 
_ porated, in its study of traffic and parking i in New York City.” 7 This recommen- “ 
4 dation was based on observation of the extent to which such facilities had been ta 
_ voluntarily installed, and sugg gested a five-year period for compliance. An 
essential part of any such regulation would be provision for a variance in cases tr 
“where undue hardship would “result. ‘The Regional Plan Association recom- 

‘ ‘mended the following provision to cover such cases: sain Sy 
7 y “Wh here, due to an unusual shape of the lot or structural features of the nh 
building, the Board of Standards and Appeals shall determine after public 9 
notice and hearing that these provisions cannot reasonably be complied with 9 ~ 
by the owner, that Board may approve such alternative provisions for truck ?P 
loading and unloading as it deems suitable and adequate to prevent the - 
creation of serious traffic congestion by such loading and unloading opera- 4 
| 
— Such retroactive ‘provisions, to be effective within. a period of from five years © 
to ten years, | have also been suggested by Nathan Cherniack,® M. . ASCE. On | 
| 


‘‘Highway Traffic,” Vol. III in ‘‘Regional Survey of New York and Its Environs,’’ New York, N N. Y. - 


” “4 43 and 
‘Traffic a: and Study, Plan Assn., New Y ork, N. N. 1942, 


of the. Parking Problem,” by Nathan | Cherniak, | Planning and Ci ivic . Annual, 
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A April, 1949 LEWIS ON TRUCKS 
must set the minimum requirement | for certain types of buildings. The writer 


questions the feasibility of the author’s suggestion (see “Amount of Off-Street 
Loading Area”’) that such requirements “ wii kg should be based on the volume 
and tonnage of freight to be moved into and out of a building. ” These factors 
wills vary ‘with the type of o occupancy. Any buildings that will have exceptionally 
heavy truck service should be provided with m more than the minimum legal 
requirements. If the city supplements its off-street loading requirements with 


‘regulations of street use to prevent the abuse of curb side space, this result 
should be obtained. 


In | the Regional Plan Association study o of 1942, 7 it, was was s shown that in in many 
eases structures within this exceptional classification had voluntarily y provided 
‘much more than the minimum off-street space which would be required | under 
the regulations proposed. For example, a large department store in New York 
City had eighty-five off-street loading berths ; in comparis json with the minimum of 
twenty five which would be required for a building of the same size “used for 
manufacture, storage, or goods display, for a depar tment store, or for a  hospi- 
tal. z ” Again, the underground truck berths in the Rockefeller Center group of 
ae buildings i in New York City had forty loading berths as against the twenty 
two that would be required for a similar floor area “used for office purposes or 


for a hotel supplying full facilities for transients.” 


. x The sliding scale used by the Regional Plan Association for computing the 


of truck berths, referred to by the author (‘Amount of Off-Street 
Loading | Ar rea”), 1 was based on probability tables used by the J , American Tele- 

phone and Telegraph Company in determining the number of trunk lines — 
_ necessary under different loads to avoid keeping a customer waiting too long to 
make his connection. It was developed under the assumption that 1 truck out of 
4 might have to wait-for one eighth of the average loading time? 
‘The minimum sizes of buildings that should come under such compulsory 
loading space restrictions will vary with the size and character of the commu- 
_nity. In New ‘Y ork City the minimum size for buildings under the | present regu- 

lations is 25,000 sq ft of gross floor area. The Regional Plan of New York and © 
Its Environs recommended that: such requirements apply to loft, department 
- store, or r office buildings: having 8, 000 or more square feet, when located i in 
“close suburban or intermediate areas.” 10 In several ordinances for sm nall 


communities a minimum size of “building i is specified but the amount of off- 


street space to be required i is to be determined by the zoning board of appeals. 

Smaller * buildings i in established centers must continue to be served by curb 
‘side space, but cities should forbid the use of sidewalks for the storage and 
classification of motor truck freight. This regulation would require owners to 


provide eee ground floor storage and elevator service to upper floors for 


"Traffic Parking | Study,” Regional Plan Assn., Inc., New York, N. December, 1942, p. 43. 
x _0“The Building of the City,” Vol. II in ‘‘Regional Plan of New York and Its Environs,” New York, 
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ON TRUCKS Discussions 

& Keep large trucks handling less-tha than-truck-load shipments out of con- 
gested business areas by the provision of union, intercity truck terminals where 
their freight will be sorted and reloaded on smaller vehicles for delivery. The 
‘same procedure i in reverse would apply to pickups. Two such terminals in the 


N ew Y ork ‘metropolitan area urea were nee construction by the Port of New Y ork 
Authorityin 1949.00 


2. Limit the hours. for pickup or delivery of truck- load lots in congested 
business areas. This would not necessarily require night s ser vice, but might ban 
any service during» the heaviest rush- sh-hour periods. 
38. Designate certain streets” in central business areas for the routing of 


desiring to pass through ‘such a area as W pickup or delivery. 
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-NOMOGRAPHIC ANALYSIS OF R 


SECTIONS OF REINFORCED 


Discussion 


a 


BARRON, AND M. HinscHTHAL, 


‘M. ASCE.— of the dentures of thes nomo-— 
grams in 1 this p paper is the fact that they contain only nondimensional quantities 
which permit their use, without adjustment, in either the metric or the English 

“system of units. | Because of this nondimensional property, | the nomograms 
are universal in that they can be used for any specification, any combination of 
_ stresses, any arbitrar y concrete strength, and any embedment of reinforcement. 
For several : years, the writer has used nomograms® by Henri Dumontier 
virtually identical to these | for the review of ar arch sections; but | for the de design of . 
the sections other methods are ey preferred which rm not require re tables, 

_ Fig. 1 is of particular interest, in n that i it it shows the minimum amount of steel 
reinforeement (tension steel plus compression steel) required for the design of a 
concrete section subjected to combined bending and direct stress. This s nomo- 
gram, as well as the others, is based on the straight- line theory, and currently 
the plastic theory® indicates that a stronger structure results when part of the 
reinforcement intended as compression steel is used as additional tension re- 
inforeement— because of the redistribution of stress resulting from plastic yield. . 


interesting and enlightening problem is presented as follows: 


eross section is 12 in. by 24 in., 
and a direct thrust of 45 kips; depth d = = 21 21 in. * The ‘specifications permit: 
= 18,000 per sq. in.; = 1,000 Ib per ‘sq. ‘in.; sand n = Eqs. 
B= 0.1573 and C = 0. 0002. ‘Using Fig. 1, with these values and k = 0.357, 


the solution ‘is ‘not t apparent. From a direct design method the follow- 


45 st — 


a .—This paper by W. P. Linton was published in January, 1949, Proceedings. 


‘Chf., Structural Design Div., Clarke, Rapuano & Holleran, New York, N. Y. = 
5“La Technique des Travaux,” by Henri Dumontier, Société des Pieux Franki, Liége, Belgium, : 
' 


Plastic Theory of Reinforced Concrete Design,” Charles S. Whitney, Tronsections, ABCE, 
Nol. 107, 1942, p. 
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=e+a= 18.5_ in. »-=Ne= 45 X 18.5 = 832 kipin, adop 


and For a adop 
balanced section with the fu “full allowable stresses—k = 0.35 73 = 0. 881; & (the 


157.3; Mp = K bd? = 832 kip- in.; and A, .- - the t 

ig = 2-50 2.50 = = 0 sq in. * 

- Therefore, this section, subjected to the designated stresses, requires no tension of I 
7 reinforcement and no compression reinforcement. It should be noted that the .. 
_ thrust i is considerably outside the middle third of the section and that, for an § uh 
abou 


~ uncracked section design, 1, tension greater than 200 Ib. per sq. in. is indicated. 
= paradox becomes more complicated if the embedment in the foregoing § 2 in 
problem is 2 in. instead of 3in. With an increased depth d the required tension a 


steel changes from zero. to 0.2 sq a If the embedment is increased to 4 i in., som 
“ne no tension steel i is required, but compression reinforcement i is necessary. . This stres 
“appears : to be another defect in the straight- line theory, and similar results will 
an be obtained frequently for sections that have values of C equal to or approach- stre 
ing zero. In Eq. le, the quantity in br: uckets approaches zero when e’/d ap- the 
proaches the value of 1 -—. moc 
i Since: the compression bar in Fig. 4 replaces an equal area of concrete, p' 
: q should be multiplied by (a — 1) instead of by n in the derivation. This point inst 
: is usually ignored for practical simplification i in the derivation of the equations a Z 
and construction of the n nomograms. Iti is a simple ‘procedure to use the n nomo-— 4 
. { od grams as shown a and to apply a correction to the area of compression steel. = 
q Mr. Dumontier intr roduced two nomograms ; similar to Fig . 1 which the writer 7... 
| con 


considers more convenient in arrangement and scale layout. In these nomo- 
the paradox demonstrated by the foregoing example falls outside the 


range and the « designer cannot be misled. a ‘The unusual case requiring special . —_— 

is brought forcefully to the attention of the designer. 

_ The author is to be commended for a very clear presentation and for making ; ee 

_— nomograms readily available to the profession. lin 

_M. Hirscuruat,’ M. ASCE.— Mr. L inton has certainly performed a value [an 

- able ser service for the designers of reinforced concrete structures who have the to 

problems « of designing for bending and direct stress, or who use steel as com- ir 

pressive reinforcement. ‘The labor expended by: the author on the preparation 7 

bs his nomographic charts i is undoubtedly enormous. He has saved each indi- - 

vidual using them a corresponding amount of time. 


a It is all the more regrettable, therefore, that he did not take into considera- 
tion the fact that both the Joint Committee on Standard Specifications | for 


Concrete and Reinforced Concrete® and the American Concrete Institute in 
the latest design specifications’ have given consideration to the fact that the 
— modular ratio in the compression § side varies fi from that of the tension side of a 


concrete member reinforced for ¢ compression as well as tension. . The ed 


Conerete Engr., D.L. & W.R.R. Hoboken, N. J. 
Recommended Practice and Standard Specifications 7 Concrete and | Reinforced Concrete, 


Pressedings, ASCE, June, 1940, Pt.2,p.45. 
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adopted by both these . bodies is based on the a assumption that the value of n 
(the modular ratio) for compressive reinforcement i is double the value used for : 
the tensile reinforcement. >. his assumption w: as adopted because of the low 
stresses to which compressive | reinforcement _ was subjected under the old 
assumption of a uniform n on both sides of the neutral axis of the section, and 
was the result of test observations’ made on large size columns at the University 
of Illinois, at Urbana, 


Under aa provision, essive in a 3 concrete, 


about 9, 000 per sq it in. a as Fig. 4 dis 16 and d’ is 


2 in., the stress in the compressive steel will be => X 1,000 x 10—which is 


somewhat more than 7 ,000 lb p per sq in., or somew hat less than one half of the 
stress capacity of the ad. - ‘However, if the > value. of n for the compression side 
is taken as double that in tension, the compressive reinforcement will | be 
stressed to about 16,000 > per sq in., taking advantage of the full « capacity of | 
the steel in compression. > 
writer appreciates the fact that the basic formulas Ww ‘ill be 
modified both for the location | of the neutral axis and for the resulting per- 2 
centages of steel reinforcement ; p and p’ in Eqs. 14. However, since B and nail 
are not affected, the variation is not quite as serious as it otherwise would be. 
Iti is to be e hoped that the use of 2 n as a a modular ratio for reinforcement: : 
in compression will be generally adopted since it will result in a marked : saving * 


in the reinforcement required in compression. —- 


Such a percentage of saving is cer rtainly worthw hile even at the expense of 1 - 


considerable design calculation labor. _ This saving will be about 50% a as the 
position of the neutral axis is but t slightly a affected by this change i in the modu-_ 

larratio. ~ 


Corrections for Transactions: In January, 19 1949, Proceedings, on page 135, 


line 6, change ‘ Dn should be *.* +” to “pln should be * * * *”; in Eq. 16b 
place a minus sign before “(1 — &)” in the numerator of the second quantity; 
and, in Fig. 4, the depth a d’ should extend to the center of the bar instead of 


to the top. 


Bulletin No... 40, Univ. of Illinois, Urbana, June 5 5, 1938 p.8 
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HIGHWAY “BRIDGE FLOORS. 
SYMPOSIUM 


Louis Batoc."—In general, in the design of a bridge, it is not necessary to 


consider the framing effect of the slab alone. Actually, a great variety 4 


- “efficient structures can be designed by disregarding the framing effect of the 
= entirely and providing load distributing diaphragms. — 
Professor Newmark states (Section 20): 


In this connection 


4 same time that it dh a aie ay for the Ww esis to = over. W he 
it is expedient or desirable to make the slab thin, and therefore flexible, 
some additional transverse bridging is desirable. In general, however, 
such bridging is not particularly effective except for loads at or close to the 
section where the transverse frames are located.” 


nf The foregoing statement — 


by the author. properly are an adv 
‘tage because diaphragms assure that the structure will behave as contemp! ated 
i gets for its | entire life and, if desired, for the entire range ot loading » UP 


to ) capacity loads. The ‘cost ef efficient diaphragms is insignificant as 


er Ina addition to their definite and permanent action, diaphragms fa facilita E 
the new ideas in floor construction, High quality pre- 


and an can be ‘wed as forms for the part of the slab that is cast in pod - 


In -span worl work, parti icularly, the wide range of possibilities for controlling 
— 
Norg. —This Symposium was published in March, 1948, Proceedings. Discussion on this Sy 
24 bes appeared in Proceedings, as follows: September, 1948, by Searcy B. Slack; October, 1948, by E. Ww. 
Wendell, and H. Tachau; and November, 1948, by Reto Furrer. 
%1 Cons. Engr., Binghamton, 
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¥ provide additional diaphragms, except for construction purposes, if the 
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Maximum moments 
due to P=1 on beam b 


due to ?=1 on beam (a) MOMENTS DUE TO || 


H20 LOADING 


_T=due to lane loading 


| L= due to track loading 
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‘Ke. 42.—Errect or a Centar DIAPHRAGM ON THE MOMENTS IN A 60-Fr Span 


0G ON BRIDGE FLOORS 


— Ww veight ™ the slab i is of great significance. 4 All these advantages are possible 


_ The writer questions, mes, the i of the foregoing quotation in 


which Professor Newmark states: 


* such bridging [transverse bridging or diaphragms] i is not par- 
ticularly effective — for loads ads at or close to the section beeen the 

transverse frames are located.” 


Any rigid transverse connection stiees longitudinal girders (or | trusses wi 
influence the deflections of the connected girders. . An applied load will be 
distributed to all members 0 of the framework in proportion to the magnitude 
of the deformation resulting from this load. ‘Fig. 42 will serve to illustrate 
the: writer’s point of view as applied to a 60-ft span, t the bridge having three 
: girders connected by a center diaphragm. The fi flooring consists of a two- way 
with bays 10 ft square. ‘The diaphragm causes the outside beams to 
support the center beam at t the point of connection, w hich means that the 
< center beam acts as a continuous beam on an elastic center support when it is 
loaded. When an outside beam is loaded, the unloaded beams behave in a 
similar manner but to a lesser degree. A moving unit load on an unframed 


beam creates a ‘maximum 1 moment hereas the introduction ¢ of 
Fig. point of 1 maximum moment shifted tow ard. the 
; quarter point of the span. If the moving unit load is on an outside beam 
(beam a, ‘Fig. 42) it causes a maximum moment 0 of 12.7 by t the introduction of 
7 the diaphragm, and the point ¢ of maximum moment moves about only one 
twentieth of the span length from the center. 
_ Evaluation of fourteen influence lines of this framing (four of which, ‘Mac, 
‘Md6, Mb4, and Maé4 are shown) for H-20 track and lane loadings (see Fig. 42) 
demonstrates: (1) That the diaphragm is a very effective load distributor in 
the entire length of the bridge: and (2) that the maximum values of the moments. 
in the outside beams are 23.2% and 25.8% larger, whereas in the center beam 
they are 47.9% and 574% smaller, than the American Ass Association of State 
(AASHO) "specifies. The maximum stress: in 1 the dia- 
n. Load 
distribution, ‘such a as that indicated i in Fig. 42, is characteristic for bridges that 
have been built whether the girders are framed by diaphragm | or are “framed 
predominantly by floor slab. The latter is the ease—for instance, in | the 
Little» Miami River bridge at ‘Xenia, Ohio. Evaluation of the deflection 
‘measurements® of this 5-beam, two-span continuous. bridge, for) which H is 
approximately 5 and b/a, approximately 0.1, reveals that the . AASHO specifies 
- 32. 6% smaller loads and 38.8% and 50.9% larger loads for the outside > and 
interior beams, respectively, than | the actual values. In this case also, the 
deviations of the specifications from the actual are of the same order as for . 
| bridge . with a center er diaphragm shown in Fig. 42. - The recommendations of 


_ 18 ‘Standard Specifications for Highway Bridges,’? AASHO, Washington, D. C., 4th Ed., 1944. | 
°‘*Vibration Studies of Continuous Span Bridges,” by L. E. Vandegrift, Bulletin No, 119, Ohio State 


i 


Univ. Eng. Experiment Station, Columbus, Ohio, July, 1944. 


8 “Load Distribution Over Continuous Deck Type Bridge Floor Systems, ” by W. S. Hindman and 
L. E. Vandegrift, Bulletin N No. 133, Ohio State Univ. . Eng. Experiment § Station, Columbus, Ohio, May, 1945 
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13. 4% to 32. 7% from the. mensured at Xenia. constitute, there- 
fore, some improvement of the specifications, but they fail to approach reality 

case in point ig the 1,068-ft-long, continuous plate-girder over the 

Elbe River at Stillhorn-Neuland, Germany (1938). The spans are 193 ft, 

341 ft, 341 ft, and 193 ft; the girder spacing is 20.34 ft; the floor beams, 5.3 ft 
s) wil deep, extend 1.5 ft above the girders and their triangular brackets extend to the 
vill be bottom flanges of the girders. — _ Measurements* of the load distribution among 
nitude jp the four + girders ‘of this bridge disclosed behavior similar to that indicated by 
istrate | Fig. 42. ; ‘Many other cases of this nature could be cited to support the writer’s 


‘O-way 
ms to Comparative however, that with a connected 
at the phragm « of insignificant cost the same effect can be achieved reliably. _ 


itis: 
e ina 
ramed 


05 


‘Values of 


Fic. 43.—DistrisuTion or Loap P = 44. .—SHARE or Loss Acrina ON THE 
ON Bram B IN A 5- Brive Beam For Various Ia/Ig INA 5-BEAM 


Fig. 43 affords a comparison between three sets of values for the transverse 
distribution of a load at midspan of beam B, in a 5-beam bridge: A computed 
value > assuming one diaphragm with Ia/I, = 0. 2 (subscript | d denotes “dia- 

phragm’: ” and subscript , g denotes ‘ “girder”); values” reported by Professor 
New mark (Figs. 14 and 15); and values measured at Xenia. _ ‘The latter values — 
and the ‘computed effect of the ‘center diaphragm are practically identical, 

whereas the Newmark values (especially the value of 0.428 P determined ior 
beam +B) are considerably different from the \ Value of 0.309 P, as ‘measured. 

Field measurements on other bridges - revealed distribution lines ‘similar in 
character to those obtained at Xenia, whereas measurements on a model of a 
bridge e with : an 125-ft span and five girders framed by f four evenly spaced dia- 
vhragms, but without the deck slab* (I4/I, = 0.21 and b/a = 0.129), pro- 
duced lines similar in character to those in n Fig. 14. The effect of this change 

3 the load-distribution diagram due to the action of four diaphragms as com- 


4“Briicke aber. die Siiderelbe im Zuge der RAB Hamburg-Hannov. er- -Bremen,” by Max Roloff, Die 
“Bact Vol. 17, 1939, pp. 481-488 and 513-517. | 


“Anleitung fir die vereinfachte Tragerrostberechnung,” by Fritz Leonhardt, Wilhelm Ernst & 
Stn, Berlin, 1940, p. 91. 
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BALOG ON BRIDGE ‘FLOORS 
pared to to that distribution produced by a center diaphragm was found to be 
pe on the stresses in the connected girders, but not for the diaphragm 
stresses: which were considerably reduced. It can be stated generally that 
the stresses in girders remain practically the same regardless of the number of 

: load-distributing diaphragms greater than three, even in spans longer than 


“Fig. 44 shows the effect o of the e diaphragm and girder stiffness | ratios on the 

= of load placed on. one of the beams and carried by that beam. the 
The number of beams are, respectively, five (b/a = 0.1) and three (b/a = = 1/6). latte 

This diagram demonstrates that comparatively flexible but properly connected. 
diaphragms are efficient load distributors between closely ‘spaced beams, 
_ Furthermore, with an increase in the spacing of the beams the stiffness of the 


diaphragm g gains in importance. a In the last sentence e of Section 2b Professor. 


ft-wide “Arpad” bridge over the Danube River in ‘Hungary (1938- 
1947), i is such a ata” - It contains three continuous girder units in w hich i 
(197 ft and 338 ft are the shortest and longest spans, respectively. The four 
4 girders a are spaced ‘at 23.8 ft, 20.7 ft, and 23.8 ft. Floor beams of the V ierendeel 

type extend the full depth of the girders. It was found that the positive area of 
7 the load- distribution diagram of the outside de girders i is 24. 15% | larger than that : 


q _ “Such a a procedure [plastic theory of limit design] would be applicable and ‘st 
i aa _ justified only when the slab or other transverse framing remained stiff 7 
enough at at the higher loads loads ‘to distribute the loads to all the bea lab 
bri 
{ Fig. 44 shows that this. criterion for r the sa safety of f the application o of limit t design | - 
principles is impossible because, | even by the u: use of infinitely rigid | transverse - 
framing, the loads on all the beams cannot be made equal. | 
The use of rigid floor beams, however, is advantageous if such beams de 
a (diaphragms) are justified structurally. They unite the girders with the lateral - 
- _ systems into an efficient space structure. The deflections of, such floor eee | tes 
are negligibly small as s compared with those of the girders” they connect, and 
tm 4 therefore the load distribution among the girders and the stresses in the floor 4 
a beams can be determined from the vertical and torsional rigidity of the con- Jj 
&g 7 nected system by comparatively simple calculations. The 3,095-ft-long, 90.55- de 


i : of the interior girders; the outside girders. carry 52.2% of a load uniformly 
7 distributed betw ween the interior girders; and they carry 53.05% of the load on 
‘the two electric r: railway tracks located between the two interior girders. The 
7 a extent to which the AASHO specifications are faulty, in preventing the outside 
girders from sharing the load placed between en the two interior r girders, is ap- 


from these data, 

_ The specifications, and the opinions of Professor Newmark concerning | the 
wy action of diaphragms, will also prevent the proper design of a system com- 

: _ prising widely spaced girders and ¥ widely spaced, load- distributing, rigid floor 

(diaphragms), between w which grids consisting of shallow floor beams 


and stringers are provided. aa such a: system i is well proportioned the economies 
are attainable are quite considerable. By 7,800 individual measure 
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2 
ments *7 on two tranverse sections of : seven double-track railway truss ng 


ranging { s from a 138- ft t span to a 65 620-ft span, ‘it was found that such an insignifi- _ 
cant transverse connection as a shallow top | strut changed the distribution of 

the load on one track between two 66-ft-deep trusses 16%. 

In his paper, Professor Siess reports the comparative behavior of small 
usle models of smooth ‘flanged beams without, and with, special pr provisions : 
for hindering the movement of mortar the top of these beams. 

the “Summary” he cites: savings in metal from 8% to 30% in favor of the 

In appraising the practical value of this conclusion the 

behavior of bridges u under their re loads cannot be disreg ated. Messure- 


tops of the girders, whether riveted or w elidel, were found to be from 30% to 
65% smaller than those determined theoretically under the assumptions made 
during the design.’ 38 Considerable deviations betw ween the calculated and 
actual deflections and the strains in bridges of this type were observed con- 
sistently, irrespective of the . age of the structure. W hat happens under ideal 
laboratory conditions, therefore, does not ‘indicate the actual behavior of 
bridges built without shear connectors, 
bridge having a ‘concrete deck on on five roadway stringers: and | two 
sidewalk stringers, and a lateral system a at the bottom of the floor beams, ‘5 ft 
deep, disclosed that the strains in the extreme top and bottom fibers of the 
‘girders were from 9% to 21% : smaller than calculated despite the fact that the 
“loads y were large » enough to cause 8%r remaining deflections. ‘The reduction of 
‘the strains was evidently the result of the composite action of the floor, the 
laterals, and the girders. It i is a significant: fact that—even i in this type lg 
girder—the stress was 21% smaller than that stress which ‘would be used in a 
deciding the relative economy of this structure. ee Se 
economic comparisons | by Professor Siess give undue 1e advantige to 4 
type of bridge over other types whose actual” behavior he did not report. 
Senin, in structures of different quality these comparisons depict girders re 
with shear connectors in which the allowed stresses are reached at ordinary 
working conditions; and they depict others in which the stresses are much lowe er, 
permanently. _ Considering further the behavior of framed | ‘structures during 
times of overload, the comparative quality | of bridges that rely entirely 0 on the 
effectiveness of the connectors is also lower at the higher loads. ~~ _ oe 


_ Two-way slabs are bonded into transverse elements that are framed rigidly 


“into the main n girders. The economy of this type of construction is enhanced 

by the triple action of the transverse beams which s support and bond the slab 

a nd frame the girders. If the beam flanges are extended into the slab large 

“rectangular rims or | plugs | resist sliding. — Even if the bond could be destroyed | 
— 


completely, such a slab would not lose ‘ ‘its ability to. transfer shear” (see 
Part C, Section 2). There are several structural arrangements by which 


" “Uber die Verwindungsste ifigkeit von zweigleisigen | Eisenbahnfachwerkbriicken,” by ‘Rudolf Bern- 
hard, Der Stahlbau, Vol. 3, pp. 85-92. 

: ae Girder Bridges," by Louis Balog, Engineering Newe-Record, Vol. 140, 1948, | p. 64. a 

| ay a von Strassenbriicken,” by Arthur Limmlein, Die Bautechnik, Vol. 18, 1940, pp. 25-29. » 
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__ effective composite action accrues as a by- -product and in which additional 


ctive 

resistance to slab sliding can be created by simple details. The significant fact 

is, however, that composite action of all the parts of bridges o occurs in actual 

structures regardless of the conscious effort n made by designers to guarantee it. 

In order to produce bridges of uniform strength and quality and to compare 

the economy of various types of bridges on a fair basis it should be recognized 


comparison of the action ¢ of one type with the action of 


— 


and lateral systems, cannot yield consistent 

- On the basis of their observations, the Symposium authors declare trans- 

7 ____ verse framing to be ineffective, and define a rule for load distribution. : In the 

; 7 opinion o of the writer, 1 these observations appear too limited i in scope to support 


general ‘conclusions. > Load distribution is a ‘function n of the geometric and 
_ stiffness c! characteristics of the girders and the framing, and therefore cannot be 
7 omens or fixed by y standard specifications » - bridge ¢ or a floor system can 
7 be laid out so as to be the most advantageous solution of a given problem by 


a - regulating the | load « distribution i in the design. © Such regulation can n be > accom- 
plished by vs varying: (a) ‘The geometry of the framing; (b) the stiffness ratio of 
& - the longitudinal and transverse elements; and (c) the stiffness ratio of the 
ill dist Three properly designed intermediate floor beams or cross frames” 


will distribute bridge loads. practically as effectively as any larger number oi 


im 


frames. Therefore, floor beams or cross frames required for purposes other 
7 than load distribution need not be of the same ‘section as the frames provided 


specifically for the purpose of load distribution. 


—_ The behavior of the actual structure is the integrated result of. the com- 


posite action of all its parts. Research ¢: can help to advance design procedures 
by segregating, quantitatively, , the component effects of the actual behavior 
of the structures, thus making possible the simple cs calculation of the true simul- 


taneous action of such effects in any practical combination 7 
= 


signer ‘ishes to achieve a desired structural performance. 
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DISCUSSIONS: 


THE LOGICAL SYSTEM OF ii HT R ATES. 


ALEXANDER MARKOWITZ 


__ ALEXANDER Marxowirz.* heel hesis of this very | brief paper is that the 
existing system of freight rates is illogical and that a new system is required. 


The t 


of this complicated subject. _ Many important factors have thus been omitted 
from consideration—the complex nature of the nation’s industrial life; 4 - the 
geographic | pattern of seacoasts, ports, rivers, and harbors; the number and — 
kinds of transportation services a available in different parts of the United States 
which are dependent on n the volume ¢ of traffic; the costs of handling such traffic; 


E the writer it seems that one-half dozen pa pages is too little space for disposing 


properly be criticized for ovmdmglitzing a complex, coatroversial problem, o on 

a mechanical, formulated “template,” which is not so readily adapted to the 
_ Density of traffic, the value of the commodity, and the service « on which the 
4 ability to pay in freight rate making is based, for example, have a direct effect: 

- on the level of freight rates. It is thus that commodities of higher value can be 
“required to beat a fair share of the transportation burden, and that raw ma- 


terials can move cheaply to points of manufacture; yet, these factors receive 


“no consideration in the paper. | That there are distinct differences ee 
- _ types of transportation and between carriers of the same type, and that differ- a 


ent ; costs: result from their operations, do not enter into Colonel Hall’ 's proposal 
fora a new system. — 


Actually, all kinds of business are located everywhere, and there a are no in- 
dustrial reservations in which only certain kinds of manufacture are located to 
the exclusion of others. In a rational approach to any new system the entire 
effect, of geographical distribution of wealth, raw materials, manufacturing 
skills, agriculture, mining, and other kinds of industrial activity must be taken 
carefully. into account. To the writer, it seems that the only way that the 
author’ s proposal could be put in effect would be to make a few individuals or — 


_ Nore —This paper by Charles L. Hall was published i in n November, 1948, , Proceedings. .. Discussion on ‘ 
this paper has appeared in Proceedings, as follows: J anuary, 1949, by Raphael H. — and February, 
+1949, by Otto Meyer. 
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groups of men the nation’s industry and its com- 

‘merce to conform to his pre-arranged system, and thereafter administer the 
“freight rates by engineering formula, 
The n new system ‘proposed w would eliminate competition quite effectivel ely; 

and, if that is the price that the nation must pay to obtgin the ultimate j in 
— in rate making, one problem may ‘seemingly be solved only to create 

many new ones, more dangerous than the present problems. Finally, Colonel 
Fall proposes a system of engineered differentials to keep ond form of trans- 
“a portation in some allocated place. The fundamental fallacies that some body 
of men represents the entire transportation industry (or that it should) and. 
that it it would be ‘possible to leave the 1e element o! of competition | to regulation by 
a ‘the engineering profession are involved in the author’s assumption. ne 
ee _ According to the author it should always be possible to transfer goods from 

one prescribed class to another by unanimous agreement of all carriers. * To ; 

the present time it has been impossible to gain unanimous consent even among 
one type of carrier. The Interstate Commerce Commission is having a difficult 

time establishing a uniform classification of freight even between rail carriers. 
"What would be the elements comprising a basic unit cost of transportation by) 

4 which | the public (presumably through the Interstate Commerce Commission) 

could fix freight rates as outlined in the paper? ¥ Rail carriers may be using a 

4 40- ft boxcar, a 30-ft trailer, and steamships their sundry 
of hold and deck space. _ How would the author suggest that light ; and bulky 
articles be classified uniformly so as to obtain the unanimous consent of all, on 
weight and measurement basis? 

“4 7 The author would fix rate schedules so that they would need revision only. 
once every 1 10 years, as against the present thousand changes or more each day. 

er engineered differentials would be fixed at 5- -year ‘intervals. The 

4 basic factor (which is not defined clearly in the paper) would be ¢ examined once 


each year. The dynamic transportation industry, with its numerous facets of 
of c commerce, would be placed on a , drawing board; it would be examined with — 
dividers, engineers’ scales, slide rules, and other engineering implements, until 
the plan conformed with the assumed dictates of a fixed formula and then it 
would be set aside marked “not to be opened” for 1, 5, or 10 years, as the case ; 
may t be. The author shows scant interest in, or sympathy for, the — 
for markets and the rivalry between ports. Presumably. one or two ports would 
= selected to move the traffic, and the remainder would be employed for some 
other, , unspecified, use. This would be the purest kind of ‘ “planned « econom 
which, finding itself at odds with reality, and inadequate to meet the needs of a 
dynamic commerce, would propose to limit commercial freedom to gain its ends. 
would stop the pulse ¢ of commerce, destroy all initiative an and free enterprise, 
_ and would substitute the approach. of an engineered problem held i in check | by 
“4 rigid timed formulas to to produce a a preconceived r result. 
a ey The w writer can assemble no words strong enough to condemn the e philosophy | 


of this paper. It would “stop the clock” and stifle progress in transportation 


forever. It would be the opening step | in establishing a technocratic state, 


q 
because the same engineered formulas could be applied with equal impunity to to 7 
every fo form of enterprise. It would i id impose a superplanning board tor run things | 
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| 
as the engineers w would have them, and would substitute duvet bend planning, 
for re real lifeblood thinking and action. The freight rate problem i is a difficult. 
one. Possibly it is overcomplex, _and n ‘no. doubt changes could be made to 
simplify its structure, equalize opportunity, and create better adjustments. 
This, however, is nota stagnant need, to be regulated « as by a valve and turned 
on on and off at will. 7 It is ever present in the living organism of commerce which 
transportation serves. To treat it as as the author proposes would require ¢ control ; 
by an iron hand motivated by an iron will . Colonel Hall’s theories must be 
rejected i in their entirety. % They hold no single suggestion of improvement by 
_ natural changes and constructive planning. To accomplish what he proposes, 


‘it would first be necessary to destroy the forces that make the } present situation 


peso too one ne activity in an n otherwise illogical world. © Ewen i in the engineering 

"profession, - the place for the drawing board and slide rule is subordinated to 

dynamic thinking and planning. These devices are servants—not the master— 


and so it is in transportation. 7 OO 
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_ CADASTRAL SURVEYS AND RESURVEYS | 
Discussion 


BY ScoTT P. STEWART AND CLARENCE S. JARVIS, “AND 
ROGER E., AMIDON 


‘Scorr P. Stew ART? Al “AND CLARENCE 8 . JARVIS,’ M. ASCE.—This timely 
paper presents | some of the salient facts related to both the history and the 


scope of public land surveys in the United States, which have proved to be 
adequate and satisfactory after a test covering some 164 years of national — 
7 growth and 1 development. 7 As: a practical application of the the coordinate system 
(Ww hich, in recent years, has made notable headway among street layouts for 
metropolitan and other urban areas), the subdivision of public lands into town-. 
ships, sections, and quarter sections unquestionably facilitated the early ea 


following these surveys. ~The system validated and protected the hold- 
_ ings of of those courageous frontiersmen who had established homes in the 


~ The types of corners prescribed and authorized by the “Manual of In- 


a F structions f for the Survey of the Public Lands of the United States” seemed to 


cover every | possible -eontingency—a charred stake ora quart tof charcoal under 
a mound of earth; a durable stone about 18 in. long, or a timber post 3 ft long. 


® a and 5 in. square, buried two om in the ground; suitable markings on the 


- boundaries or rie distances in pone therefrom; -and accessories such as mounds 
- of stone, or pits, or inscriptions on trees, to b be placed according to prescribed — 


“a patterns. — Further clues as to distances are wre afforded by items noted in the 


survey records, such as crossing ledges, ridges, or stream banks, and : as to 
alinement, by blazing or by removing the bark from Testricted parts of tree 
trunks near the survey lines. 


Data Assembled During Survey Reconnaissance. —The importance 


_ surveys seemed to escape well-merited recognition until 
: “recent years; and even at this time, full appreciation has ‘not been accorded i in 
some quarters, as richly 2 as deserved. The typical United States deputy st sur- 


-_ a Norse —This paper ot A. C. Horton, Jr., was published i in January, 1949, Proceedings. 


Cons. Engr., Salt Lake City, Utah, 
+ Cons. Engr., Salt Lake City, Utah. 
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-tronomy lie be in order to determine s solar —_—* latitude, and true e meridians. 
field notes some knowledge of geology, botany, and 


“the boundaries. the crude of discharge as as 
during these surveys, together with the dates of such observations, certainly 
afforded some valuable data for prospective settlers or investors i1 in such regions. 
-_ ‘The prevailing stands of native grasses, ‘undergrow th, or shrubs 1 mentioned | 
‘in the field notes afforded valuable clues to the Leavignnd seasonal poonigetetion 
depths and distribution. The oft-repeated comment, ‘Good grass for grazing,’ 
together with: mention of. native wild life including game and also whatever 
range live stock were encountered or observed, must have wielded a potent 
influence in the _ development and utilization of areas suitable for grazing. 
Likewise, notations giving the precise location of outcroppings, either on the 
survey lines or adjacent thereto, probably provided the first authentic informa- 
tion concerning unusual mineralized formations, exposed coal strata, ., oil shales, 
_ fissures filled with hydrocarbons such as asphalt ; and elaterite, and springs or 
streams covered with iridescent oil slick. . Even the estimated or clinometer 
‘measured depths of canyons and heights of ridge crests or of beetling cliffs are 
of practical value for those contemplating j journeys or r homemaking ventures 
within the r regions to be opened for homesteading, following | such surveys. 
— - The Township Plats.— -The writers have in their possession a print of ““Town- 
_ ship No. 27 South, Range No. 16 East, of the Salt Lake Meridian, Utah,” issued 
as a public service by the Bureau of Land Management (under date of June 5, 
/-1947), which was selected almost at random as representative of rugged, 
broken country, but also of recent date. ‘The township is located in 


Southeastern — Utah, a few miles west of 1 the Green River. According to the 


Plat, there are notable Indian paintings in sections 17, 18, and 19. Isolated 7 


“ improvements such as a a pumping: plant and w watering troughs e evidently | have 
ig to do with stock watering facilities; ranch houses and other improvements — 
1e depicted « on the plat will insure the ow raat of first consideration if he but files 
ip ‘his claim: within the prescribed preferential period 
Is The various witness corners, designated by the initials “W C,” are placed 


n firm footing to witness the actual corner point whenever it falls on in- 
peer ground, or wit within *8 river bed, or on the steep and insecure slope of a 
The system of surveys devised for the public domain so many years ago’ 
undertakes to carve out the maximum number of quarter | sections that can be 
defined within a nearly r rectangular tract. ¥ For example, a a township i is 6 miles 
long from north to south. — If they a are based ona standard parallel of latitude, — : 
the south boundaries of cok township have the same length, this dimension 
de decreasing progressively for each township toward the north (but with all the 
ac ‘accummulated shortage thrown into the west tier of quarter sections) ; and — 
- nothernmost boundary i is further decreased i in length as an adj 
convergence of meridians. ridge crests and drainage channels are 
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connected across the sections for the township plat, thus is testing the skill and quickly 
observation of the United States si surveyor, until t 
At costs about 3 per acre to per acre, or, say, $9 per lin until 2 
re) Er 


= basic data of alue to both settlers government. instea 

_ nherent Adventures. —Early survey projects w were fraught with the dangers § also tl 

‘ae in hostile frontiers and. adjacent country. Although these had largely or lev 

- “4 disappeared by the beginning of the twentieth century, it is indisputable that -chaint 
: some of the more difficult and rugged terrain still awaited the original surveys. the di 
a a The writers were associated on the U. S. General Land Office surveys of twilig 


both the Uncompahgre | and the Uinta | Indian reservations in eastern Utah, tions 
from 1901 to 1904. a The fitst named assignment covered the lofty Book Cliff [J seem 


range with its mammoth outcrops of bituminous coal near Thompsons, and § nearl 


extended northward along Willow and Hill creeks for 50 miles toward Ouray, — pers 
the western boundary skirting the notorious ‘“‘Robber’s Roost. all “wanted 


men”. of that hideout preferred to pass by unnoticed, to avoid conversation, 
and to accelerate the forward march of survey parties. pape 
eo - While retracing early survey lines 20 miles westward from the Duchesne — form 
Bridge, in June, 1903, for the purpose of locating the initial point for that iden 

season’s contract surveys, ‘the writers had occasion question the wisdom of 


sect 
4 


7 declining the : military escort proffered by Captain Mercer, ‘United States 
Army commandant at me hiterocks headquarters, | some e days earlier. A 


perl 

came charging up the slope @ wih then rode i ina circle about the transitman and & feat 
with threatening ‘gestures ‘and angry shouting. The senior ‘deputy The 

surveyor, _ keeping his eye at the transit telescope, and apparently oblivious. to fel 

the imminent danger, merely called, ‘Get off the line; I can’t see through you.” _- 

.. ‘The Indians held a powwow, then gradually withdrew toward their ca camps. ; 
"Thereafter, the surveyors were ‘under continuous surveillance throughout each C01 
- . day for some weeks. The Indians would lurk in n hiding in the vicinity of Us 

in 


activities, but occasionally they would peer over a ledge or a Tidge or from 
behind a a tree. _ They demolished the witness mounds of stone, , scattering them 
for some rods from the corner point, but apparently did not recognize the actual — 
BR ae monuments, mostly buried d securely in the in the ground with | notched edges | 


__ Extensive surveys nearer the two-state corner in northeastern Utah, on | 


which the writers were e similarly associated, involved the usual meanders for ; 
navigable waters along the banks of the Green River in 1906 and included 
some of the gorges and dam sites now under study for flood control, water con- a 

: "servation, irrigation, and hydroelectric p projects. Requisitioned boats 

= Tope | ladders: facilitated access to some critical points; but the transfer of ak 
train livestock by s swimming from the right bank to the | left bank, and of © 


personnel and | camp | equipment by raft during high water season involved the 1 


cu 

re 
fi 


I 
a 


4 


began to submerge in midstream, and thus the saturated ec equipment ; added to 
the overload. — With navigation t thus made more difficult, the raft was drawn 
into the — instead of landing upstream; - anchor ropes cast to sho! shore sand 


= colorful adventure. _ The final loading proved to be an overload; the raft 


—") 
| 
| 
— 


A pril, 1 


quickly passed about tree trunks, snapped like Pini and d tragedy | loomed 


until the raft struck a submerged boulder squarely, and balanced precariously 

‘until all the personnel and equipment had been rescued. 

7 Errors of Closure -—Improved surveying equipment such as long steel tapes 
pies 

‘instead of the four-rod si surveyor’s chain with its hundreds of w earing surfaces, f 

also the use of clinometers for measurements on slopes, instead of ‘ “plumging” 


or leveling the chain segments, and employment of engineering students as 


il, 1949 .MIDON ON 


that §§ chainmen helped to reduce the errors of closure about the circuit. Finally, 
eys, the daily observations | on Polaris by the hour-angle method in the gathering 
s of twilight out on the survey line (rather than waiting for lantern lighted opera- _ 


tah, ff tions at either culmination or elongation during night hours at the camp site) + 
Cliff seemed to make the usual closing limits even in mountainous country more ; 
and nearly 5 ft or less pe per section. instead of the maximum allowable limit of 2.8 rods 
ray, ff per section (46.2 ft per section), and proved 1 to bea oe eee as well. 
ion, Roger E. Amripon,‘ Assoc. M. ASCE E.—The interesting: and educational 

i paper by Mr. Horton is modest in its presentation of the enormous job pe per- 
sne formed i in public land surveys since 1785. The comparative ease of locating, 
hat identifying, and establishing land lines in wild areas of the west is immediately 
a apparent to any one who has encountered similar problems in the undeveloped 
tes sections of the eastern United States. 
A The accurate identification of corners and lines on good aerial photographs a 
ies permanently records the correct location with respect to land and topographic 
nd features. _ The adaptation of this procedure is certainly a great step forward. ri 
ity The hse General Land Office plats have been of material aid in assisting 
to “field identification. _ However, the use of contours or form lines | instead of 
Ng -hachures, in presenting relief, would facilitate identification in many instances: 
Ds. ~ Daring the process of preparing the standard United States quadranglemaps 
ch considerable effort is expended locating and identifying land net corners. 
of Usually only a a relatively few of the corners are actually identified and located 
m in the field. The remainder are established from General Land Office plats, 
™m - cultural features such as old fence lines, and information secured from local — 
al - residents, The inevitable result is that errors occur and lines appear on the 
es. final map w hich are incorrect with h respect: to ) topographic and cultural | features. 
_ The only absolutely dependable ¢ corners appearing on the sheets are those : 


shown as “recovered. corners.” “cooperative arrangement _betw een the 
Bureau of Land Management and federal mapping agencies w hereby land net 
_ corners would be recovered or established prior to, or at the same time as, the 
mapping would result in precise presentation of land lines. aoe 
Incorporation of the land net into the geodetic control system throughout. 
the United States would ultimately res result in significant economy. Areas will 
be remapped and surveyed for as long a as development takes place and, —_ 
4 sequently, a need will always exist for correct geodetic control. _ The tondeney 

in remapping is toward ard the adoption of larger scales, with increased detail and 
_ precision. This in turn rn demands a greater intensity of control positions. — Town- 
“ship corners tied into the geodetic system with third-order accuracy would 


— 


res ‘Civ. Engr., Flood Control Surveys, U. 8. Forest Service, Berkeley, Calif. 
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Section corners established with t h this 


srecision would furnish adequate ounteol for all but the most | precise ‘surveys, 
Bulletins showing the coordinate position of township and section corners 
_ with specified order of accuracy w rould furnish Private and public agencies a 
base from which to extend surv surveys for practically e every purpose. = 7 
The accomplishment of the ideals suggested herein would require changes 

in administration of public land surveys; but the need exists and over-all 
economy would ultimately result. Possibly some thought and study has been 


4 
"4 


I given to this problem by officials of the Bureau of Land Management, or others. 
If so, the results or recommendations would be of intere: est to the engineering 


‘profession, 
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